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FIRST BOOKS 
OF T H:E 


SECTOR: 


CHAP. 'L 


The Deſcription, the making, and the generall uſe 
of the Settor, 


Seftor in Geometric , 15 a figure com- 
ences of two right lines contain- 
| img an angle atche center, and of che 
Y ing nagle aſſumed by them. This 
Y Geomeirical inſtrument having two legs 
I] containing all varietic of angles, & the 
diſtance of the fecre, repreſentings the 
ſubrenſes of the circumference, is therefore called by the 
ſame name. 

It containeth 12 (eucrall lines or ſcales, of which 7 are 
generall,the others more particular, The firlt ts the ſcale 
of Lixes diuided into 100 equall parts, and numbred by 
>. 2. 3.4.5.6. 7.8.9. 10. 

The1econd, the liucs of Swperficies diuided 11to 100 
vncequa!! 


AATA, 


2 rhe defeription of the Lines. 
\nequaliparts, and numbred by 1.1.2. 3.4.5.6. 7.8. 
J. 10. 
Thethird, the lines of Solids, dinided into 1000 yne- 
qual parcs, & numbred by 1.1. 1. 2. 3.4.5.6. 7.8.9.10. 
The fourth, the lines of Swes and Chor-s diuided tnto 
yo degrees, and numbred with 10. 20, 30. voto go. 
Theſc foure lines of Liner, of .Smper fici:s, of Solids, and 
of Sines, arc all drvvne tro the center of the Setlor al- 
molt tothe end oithe legs. They are Crawne on both the 
legs, that every line may have his fellow, All offhem are 
ot one lengeh, that chey may antivere one to the other, 
And cucry one hach Ins parallels, chat the eye may the 
becter dittinguiſh che divitions. But of che parallels thote 
Onely which are inward moit containe.che true diuiions., 
T here are three other generall lines, which becan(c 
they are 1:fn:te are placed on the {ide of the SefFor. The 
Erit a inc of Tamgerts, numbred with 10. 20. 30. 40. 50, 
Co. lignitving fo many degrees from the beginning of 
the lhine,oft which 45 are equall ro the 14holc line of Sex, 
the reſt tollow as the lengrh1 of rhe Seftoy :11ll beare, 


The tccord, a linc of Seeawts, diuided by pricks into + 


60 deyiees, whole beginning is che fame, with that of 
che line of Tawgens,to which it is 1ovned. 

Thethird, is the A7eridien line, or linc of Rambs, diut 
ded vacqually into degrees, of +vhich che tirit 70 arc al- 
molt equall ro the :yhole line of Smes, the refit tolloyw vn- 
ro 84 according ro the length of the Settor, 

O: the paracular lines inſerted among the generail, 
h:c:ulc thee was voydipace,the firſt are the lines of Qma- 


drat#re pliced betweene the lines of Sirzs, and noted. 


xuh 10.9.8. 7.8.6. 5.90. 2. 

Thefeco;:d, the lincs of Segmerzr placcd betwecne the 
iinc- of Simes and Superſicees, A nided inco 5O parts, and 
numbered with 5.6. 7. 8.9. 10. 

he third,the lincs of [n/cribed bodies in the ſame Sphere, 
placed betiycenc the {calgs of Lines, and noted with D.S, 
ULGCQ.T 


The 


Te 


The making, of the Sector. 3 


Thefourth, the lines of Equated bodies,placed between 
thelines of Lines and Solids, andnoted with D.I.C.S.O0.T. 

The fitt, are the lines of Metralls, inſerted with the 
lines of Equated beates (there being roome ſuthcient)and 
noted with thete Characters, ©.Y.H ).L. 4 YÞ. 

There remaine the edges of the Settor, and on the one 
I haue ſet a line of Inches, which arethe twelth parts 
of afoote Engliſh : on the other a letTer le of 7 angents, 
towhich the Gnomes is Radins. 


2 Of the making of the Seftor. 


Era Kwler be firit made cither of bratlc or of 109d, 

like vnto the former figure, which may open and 
Nut vpoy his cencer. The head of it may be aboyr che 
ewelth part of the whole Jength, that it may beare the 
moucable foorc, and yet the moft part of the diuifjons 
may fall without it, Then leta moncable Gnemon be let 
at the end of the moucable tootc, and there turne vpon 
aneFxs, 1o as it may ſometime ſtand ata right angle 
with the fecre,and ſometimes be incloſed within the feet, 
Bur this 1s well knowne tothe workeman. - 

For drawing of the lines. Vpon the center of the Seffor, 

and ſcmidiametcr ſomewhat thorter then one of the teet, 
draw an occult arke of a circle, croſſing tne cloſure of the 
inward edges of the Sector about the letter T. 
In this arke, at-one degree on cither lide trom the edge, 
draw right lines from rhe Center,fieting them with Paral- 
lels and diuide them into an hundred equall parts, with 
ſubdiviſions into 2.5.0r 10. as the line will bcarc, bur ler 
che numbersſet to them, be onely 1.2.3.4.&c.vnto 10. as 
in the cxample. Theſe lines ſo dwvided, I call the lines 
or ſcales of Lmes, and they arc the ground of all che reſt, 

Inthis Arke at 5 degrees on either lide, trom tle edge 
neere T, drawe other right Ines from the Center, and hit 


chem with Parallclls. Thcie ſhall fernc tor the lines of 


Solids. 


B 5 The: 


1 SAL 


The tn/cription of the lines. 


Then on the other ſide of the Sefor in like manner, 
vpon the Center & equall Semidiameter,drawe another 
ke Arke of a circlg: & heere againe at one neerc degree 
on either [1de fro Fi edge necre rhe letcer © draw right 
lines from the Center,and fit them with parallells, Theſe 
(all ſerue for the lines of Sines. | 

Ar 5 Degrees on either {ide from the edge heere ” & 
drawe other right lines from the cencer,and fit them with 
parallels: thetc ſhall f:rueFor the lines of Superficies, 

Theſe ftoure principall lines being drawne, and fitred 
with parallels, we may drawe other lines in the middle 
berweene the edges andthe lines of Lines, which lhall 
ſerne tor the l'nes of euferibed bodies, and others berweent 
the edges and the Sines for the luucs of quadrarare, Ando 
the reſt as 1n the example. 


3 Todwidethe lines of Superhicics. 


Eeing like Swperficves doc hold in the proportion of 

their bomologa/l tides duplicated, by the 29 Pro. 6 lib, 
Exclid. It you thall find meanc proportionals berween the 
whole 1de,and cach hundr:d pare of the like tide, by the . 
t3 Pro.6 I1b, F#c/id.all of them cutring the ſame line,rhat 
ne fo cutihal conteine the diviſions required. wherefore 
vpon the center A and Semidiamiter equall ro the line of 
Limes, acicribe a Semicircle A CB D,with A B perpendi- 
cular co the diameter C D, And let the Semidiameter AD 
be divided « che linc of Lewes into an hundred parts, & A 
f the one haite of AC diuided alto into an ps, 


fo fthall che diuidions tn AE be the centers from whence 


you ſhall deſcribe the Semicireles C10. C20, C 30, &c 
diniding the lin A Binco an Inundred vncquall parts: and 
this line A B ſo diuided ſhall bethe line of Swperficres, and 
muſt be transtcrred into the Sector, Burler the number: 
{cttothem be oncly 1. 1, 2. 3, Vnto 40.45 11 the example, 


The inſcription of the lines. ; 


4+—+ + ++ +——+-4 -+-- 


A 


4 Todiuide the lines of Solids. 


g Eing like Solids do hold in che proportion of thc1 66- 
wolegall lides triplicated, if you ſhall finde trvo meance 
proportionalls between the whole fide & each choutand 
par. of the [1ke [ide : all of rhem cutting che ſame rao 
right lines, the former of thoſe lnes fo cut,thail cont ainc 
the diuilions required. 

Wherefore ypon the center A & Senndiameter equall 
to the line of Lines. deſcribe a circle and dwide it into 4 
cqual[parts© E B D,drawing the crofe diamerers CB, E 
D.Then diuide the {emidjameter A C,firit into 10 cqualt 
parts, and berwcene the whole line 4D & A Fehe tenth! 
pare of A C,ſecke out two meane proportionall lines A 7 
and A H. againe betweene A D and AG being two 
trench parts of AC, ſecke our two meane proportional< 
AL and AK, and (o forward in the reſt. $0 ſhall che line 


AB be diuded ,nto 26 vnequall parts, 
t B 3 Sccondly 


% 


"AATA 1 


The inſcription of the lines, 


Secondly, diuide each tenth part of the line FC into 
20 more, and betweene the whole line A D, and each of 
them, ſecke out two meane proportionalls as before : $0 
ſhall the line AB be diuided now into an hundred vn- 
equall parts. | 

Thirdly, If the length will beare it,ſubdividethe line 
LC once againezeach part into ten more: and betweene 
the whole hne FD and cach ſubdiviſion, ſecke rwo 

meanc 


The inſcription of the lines. bs 
meane proportionalls as before. So ſhould the line 4 B 
be now diuided into 1000 parts. Burt rhe ruler being 
ort, it ſhall ſuffice, if thoſe xo which are neareſt the 
center be _—_— che reſt be vnderſtood to be ſo diui- 
ded, though actually they be diuided into no more then 
5 or2. and this line 48 fo diuided ſhall be the line of 
Solids,and muſt betransferred into the Sector : Bur let the 
numbers ſect tothem be vnely x. 1, x. 2; 3. &c. vnto 10. as 
in che example. 


5 To diuiae the lines of Sines and Tangents os the 
{ide of the SecFor. 


' F Pon tlic center A, and ſcmidiameter equall to the 
line of Lines, deſcribe a ſemicircle A B © D, with 4 

B, perpendicular to the diameter C D. Then diuide the 
quadrants C B, BD, each ofchem into 90. and ſubdiuide 
each degree into 2 parts: For ſo,it ſtreight lines be drawne 
paratlell ro che diamecer C D,through theſe 90,and their 
tubdmw:{ons they ſhall diuxde the perpendicular eAF B 


nequally into go, 


The i»ſcriptionofthe lines. 
AndthislincA B ſodiuided ſhall be the line of Sees; 
and muſt be transferred into the Seftor. The numbers ſer 
tothem arc tobe 19. 30. zo. &c, vnto go as in the exams 

le. 

If now in the poynt D, vnto the diameter CD, we 

ſhall raiſe a perpendicular D EF, and to it drawe ſtreighe 
linesfrom the center A, through each degree of che qua- 
dront DB. This perpendicular ſo diuided by them ſhall be 
che linc of Tangents, & mult be transferred vnto the lide 
ef the Seftor, The numbers ſcrto them,are to be 10. 29 
29, &c. asin the example. 
It betweene A andD, another ſtreight imeG F, be 
drawne parallellce D E, it will be divided by thoſe lines 
from the center in like fort as D E 15 druided, and it may 
ſerue for a letler line of Tawgents, to be fer on theedge cf 
rhe Seftoy. 

Theſe lines of Smes and Tawgents,may yer otherwiſe be 
transterred into the Seftor out of the line of Lines, ( or ra- 
ther our of adiagonall Scale equall to the line of Les) by 
rables of Sincs and Tangents. In like manner may the 
lines of Saperficier, be transferred by tables of ſquare 
rootes;and the line of Co/ids , by tables of cubique rootes: 
which I leauc to others to extract at leature. 


6 Toſhew thegroundof the Stfloy. 
Bra AB, AC,repreentthe lcggs of the Seftor: chen 


ſeucring theſerwo A B, AC, are equall, and their 
ſeions A D, AE, alſo equall, chey ſhall be cuc proportt- 
onally : andit we draw the lines B C, DE, they will be 
parallcll by the {ccond Pro. 6 lib, of Exclid, andiothe 
Triangles ABC, ADE, ſhalbe equiangle ; by reafon 
of the common angle at A, and the equall angles at the 
bate, and thereforc ſhall haue che lides proportionall a- 
hout thoſe cquall angles, by the 4 Pro. 6 lib. of Emclid, 
The 


The ground of the SetFor: 3 
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The fide A D, ſhalbe to the ſide A B, as the baljzs D F, 
vnto the parallell balis BC, and by conuerlion AB, lhal! 
be vato AD, as BC,vntoD E: andby permutation A 
D, ſhall be vneo D E, as A B,ro B C.&c. Sothatit A D, 
be che tourth part ot the fide A B, then D E, ſhall allo be 
the tourth part of I15 parallel] bai'sB C. The like rcafo1; 
koldech mn all other ſections. 


7  Toſhew thezenerall vſe ofthe Sector, 


Here may ſome coclulions be wrought by the Sefor, 

cucnthen when it 15 ſhut. by reafon that the lines are 
all of one length : bur generally the vie hercot contilt; in 
the toluton of the Golden rule, where three lines being 
gwen of a known denominaton, a fourth proporttonall 15 
two betound, And this foluton 15 dinerfe 1m regare both of 
the lmes, and of the entrarce into the worke, 

The (olution in regard of the /ies 15 ſometimes ſimple, 
as when the worke 1s begun and en«'ed vpon the fame 
lines. Sometimes it 18 compound, as when it 15 begun on 
one kind of 4nes,and cnded on another, It may be begun 
vpon the lines of Lines;& finill ed vpon the lives of Super- 


ficies. It may begin on the Smes, and cnu on the Targents. 
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10 The generall 'yſe.of the Seflor. 

The ſolution in regard of the entrance into the worke, 
may be either with a paralell or ele lateral! on the (ide of 
the SeQor,I cal it parallel entrance,or entring with a paral- 
Jell, when the ewo lines of the firſt denomination are ap- 
plicd in the parallells,and the third line,and that which 1s 
ſought for,are on thelide of the Seffor, I call it lateral! en- 
trance, orcntring on the lide of the Seffor, when the two 
lines of the firſt denomination are one the (ide of the Se= 
ftor, and the third line and that which ito be tound vur, 
doc ſtand jn the; parallels. 
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The general wſe of the SefFor, I: 


Asfor example.letchere be giuen three lines A,B,C,to 
which I am to finda fourth proportionall.let A,mcaſured 
in the line of lines, be 4o, B5o, and C60, andſuppoſe 
thequeſtion be ths. It 40 CMombes giue go pounds, what 
ſhal 60?Rere arc lines of two denominatios,one of wonths, 
another of p-unds, and the firſt with which T am to enter 
muſt be that of 4o mworthes. It then I would enter with 4 
parallell, firtt I takt A, the line of qo, and put it ouer as 4 
parallell in 5o,reckoned in the line ot /aes,on cither lide of 
the Setor trom the center, ſo as 1t may be the Baſe of an 
Ifoſchites rriangle B A Cwhole lides A BY A C are cqual 
to B, the line of the ſecond denomination. 

Then the SeFor being thus opened, I take C the Hino 
of 60, betwcene the teete of the compatles, and carrying 
then; parallel/to B C,] findethem ro crolle the lines A B, 
A C,on the lide of the Sefor in D and E, numbred witl! 
75, wherefore I conclude the line A D, or A E, is the 
fourch proportionall and the correſpondent number 75 
which was required. 

Burt I would enter on the ſide of the Settor,then would 
I diſpoſe the lines of che firſt denomination A and C,m 
the linc of Lenes, on both {1des of the Sefor,in A B,A C, 
& in AD, AF, toas chey ſhould all meete in thc cente1 
A,zand then taking C the line of che ſecond denominart- 
onpurt it oucr as aparalell in B C, that it may be the Balis 
of the Iſocheles triangle BA C, whoſe lides A B,A C, 
are cquall co A, the firſt line of the firſt denominarion, 
for ſo the Setfor being thus opened, the other parallel! 
trom D to E, ſhall be the och proportionall which was 
required, and it it be meaſured with the other lines, it ſhal 
bc 75 as before. 

In both this manner of operations, the two firlt lines 
do {eruc to ope the SeFor ro his duc angle, the difference 
berweene them 15 efpecially this, that in perallell entrance, 
che wo lines of the tirſt denomination, are placed in the 
parallells B,C,D,E,& in /atterall entrance they arc placed 


on both ſides of the Sefor, in AB,AD andin A CAE. 
C 2 Now 
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+ The general wſe of tht Sefor, 


Not in /imple ſolution which is begun and ended, vpor: 
thc ſame kinde of lines, it 15 allone which of the two latter 
Imes be put in the ſec5d or third places. As in our exiple 
we may {ay,as42arctog50, ſo Go vnro 75,or el{c as 40 are 
toG6o, fog: vnto 7s. And hence it cometh that we may 
enter borh with a parrallell,& on the {ides two manner of 
Wayc$ at cither encrance,and ſo the moſt part of queſtions 
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The wſeof the line'sf Lines: 13 
may be wrought 4 ſeuerall wayes, though in the propo. 
ſitions following , I mention onely that which 1s moſt 
conuenient. Thus much for the generall yſc of the Seftor, 
which being conlidered and well vnderſtood,there is no- 
thing hard 1n that which followeth. 


CHAP. It. 
The ae of the Scale of Lines. 


1. Toſetdowne a Line, reſembling any giney parts 
or fract wn of parts. 


He lines of Lewes are diuided actually into 160 parts, 

bur we haue put onely 10-numbers to them. Theſe 
ve would haue to ſignifie either themſelus atone, or 
ten times theimſelues,or an hundred tines themfelucs,or 
a thouſand times themſelues, as the marrerfhall require. 
As if the nuwhers giuen be no more then 10, then we 
may thinke the lines onely duided mto 10 parrs accor- 
ding tothe number;ſcr crothem. Irrhey bemore then 
to, andnot more then 100, then cither line ſhall con- 
taine 100 parts, andthe numbersſet by themfhiall be in 
value 10. 20. 30. &c. asthey are diu;ded actually, I: vet 
they be more then 100, then every parc imuit be thouphe 
to be divided 1nto 10, 3nd cither line ſhall be 1000 parts, 
and the number: ſet tothem ſhall be 1n value 100. 200. 
300, and fo forward (till increaſing themſeurs by 10, 
This being preſuppoſed, we n.ay number the parts and 
traction 6 parts ginen in the line of /ires , and taking 
out the diſtance with a paire of compailes, fue by, tor 
the Ine to taxen thall reſemble the number ginen, 

In this manner may we ſet downe aline reſembling 
75, if cither we tate 75 out ofthe hundred parts, mtv 
v-hich one of che line of {mes 1s actually diuided,and no: 
itin A,or 7;. ofthe firit 10 parts, and aoce it 11 B,or one- 
ly 3. of one of thoſe hundred parts, and note it jn C. Or 
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14 The vſe of the line of Lines. 

if this be eichcr to great or to ſmall, we may run a Scale 
ar pleaſure, by opening the compile to ſome ſmall di- 
ſtance, andrunning itten times ouer, then opening the 
compatle to theſe ten, run them owner nine timesmore, & 
ſer hgures to them as in this example, and out ot this we 
may take what parts we will as betore. 

To this cad I haue dinided che {me of inches on the 
edoe of the Seltor, fo as one inch containeth $ parts, ano- 
ther 9, another 10, &c. according as they arc figured,and 
as they are diſtant trom che other cnd ot the Settor,that 1: 
ve nughthaucthe better efſtnnate, 


2 Toencreaſe aline in a giuen proporttcn. 
3 Todimimiſh alineinaginen proportton. 


_— the line giuen with a paire of compalles, and 
open the Sector, fo as the tecte of the compatles may 
ſtand 1n the points of che number gen, then keeping 
rhc Sector at this angle,the parall1l diſtance ot the points 
ot the number required, ſhall giue the line wie 
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Let A, bea line giuen to be increaſcd in the proporti- 
on of 3 ro 5. Firſt I take the line 4, with the compalles, 
and open the Sefoy till I may put it oucr in the poynrs 
of 3 and 3, ſo the parallell betweene the poynes of 5 & 5, 
doth giue me the line B,which was required. 

In like manner,if B, bea line gmen to be diminithed in 
the proportio of 5 to 3,I take the line B & to it open the 
Settor in the poynts of 5, ſo the parallell berwcene the 
points of 3,doth giue me the line A, w'iich wasrequired, 

If chis manner of worke doth not ſuffice, we may mul- 
ciplie or diuide the numbers giuen by 1, or 2, or 3, &c. 
And 1o worke by their numbers equimwiiplices, as tor 3 

and 


The wſe of th: line of Lines. 15 
and 5, wee may op2n the Sector in Gand 19, or effe in 9 
and 15,orclivin 12 and 29, or in15 and 25,or in 1s and 
30. CC. 


4- To diuid: alin into parts gluen. 


Akethelinegiuen, and open the Sector according to 

che length of che ſaid line in the points of the parts, 
wherevnto the line ſhould be diuided, then keeping the 
Sector at this an9g12, the parallel diſtance berweene the 
points ot t and 1 ſhall diuide the line giucn into the parts 
required, 
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A C B, 


Ter AB, be the line giuen to be dinided into fue 
parts, firft I take this line A B, and to it open the Sector 
mthe points of 5 and s, fo the parallel betweene the 
pointsot 1 andz,doth giue me the ine A C, which doth: 
duidecitinto the parts required, 
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Orlerthelikeline A B, be tobe diuidcd into twenty 
three pares. Firſt I rake out the line and put ir vpon the 
Sector in the pointsof 23, then may I bythe tormer pro- 
polition diminiſh 1t1 AC, CD, in the proportion of 
23,to 10, and after that diuide the line A C intro 10, &c, 


As betorc, 


5 Tofinde a properiion betweene two or more 
right lines giuen, 


Ake the greater line giuen, and according to it oper, 
T 5 Sen, and, 
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the Sector in the poincs of 100 and 100, then take the 
letJer lines feucral:y,& carry them parallell to the greater, 
ll they ftay in hke points, fo the number of points 
wherem ehey ſtay, ſhall ſhew their proportion vnto 100, 
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Let the lines given be AB,CD,firſt I take the line CD, 
& to 1t open the Seftor in the points of 100,and 100,then 
keeping the Seffoy at thisangle,I enter the lefler hine AB, 


parallell ro the former, and find it to crolle the lines of 
Lines in the poynts of 60. Wheretor: the proportion ot 


ABtoCD, 1s as60 to 100, 

Or 1t the line C D, be greater then can be put ouer in 
the poynrs of 100,then I adnut che letler line A B,to be 
100,& cutting off CE equalto A B,I find the o——_ 
of C E,vnto# D,to be as 100,almolt ro 67;wherctore this 
way y proportio of AB vnto CD,isas 100 vnto almolt 167. 

This propolition may alſo not vnhitly be wrought by 
any other numbcr, thar admits ſcuerall diuiſions, and 
namely, by the numbers ot 60. And lo the Jetler line will 
be found to be 36, which 15 as betore in letſer numbers, 
as 3 vnto 5.It may alfo be wrought without opening the 
Seftor.For it the lines between which we ſeek a proporti- 
on,be applycd to the lines of Lines,(or any other Scale of 
cquall parts) there will be ſuch proportt6 found between 
them, as beriveene the lines to which they are cquall, 


6 Twolinesbeing giuen to fide a third 
mncontingall proportion. 


| 3 place both the lines giuen, on both ſides of the 
Scttor from the Center, and marke the ecrmes of the 
extcnlion, then take out the ſecond line againe, and to 
1 oper: the Sefor,in thg terme of the firit line,to keeping 

the 
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The wvſt of the line of Lines; I7 
the Seftor at tha angle, the parallell diſtance betweene the 
ecrnes of the ſecond line, ſhall be the chirdproportionall. 
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Let the rfvo lines giuen be A B,A C,which I take out and 
place on both ſides of the Sector, ſo asthey all meete in the 
center A, let the termes of che firſt line be B and B, the 
rermes of the ſecond C and C. Then doc I take out A C the 
ſecond line againe, andto;r open the Sector in the termes 
BB. So the parallcll berwcene. C and C doth giue me 
the third line in continuall proportion. For as AB isvnto 
AC; fo BB, cquallro AC, 1s vnto C C, 
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7 Threelines being, giuen to finde the fourth 
in diſcontinuall propertion. 


Ere the firſt linc-and the third are to be placed on both 
Ha of the Sefor from the center, then take out the ſe- 
cond line, andto it open the Seffor in the termes of the firſt 
line. For ſo keeping the Sefor at this angle, the parallell diſ- 
rance berween the termes of the third linc,ſhalbe the tourth 
proportionall, 

Let the three lines giuen be A, B, C. 


15 


\ 

Firlt T rake out A and C, and place them on both (1des of 
theSefor, in A B, A C,andAD, A E,laying the beginning 
ot both lincsat the center A,then do I take our B rhe tecond 
line, according toit I open the Sector in Band C, the termes 
of che firſt line : ſo the parallell berweene D and E, doth 

we me the fourth proportionall which was required. 

As in eFrithmetigne , it ſufficeth if the firſt and third num- 
ber giuen be of one denomination,the ſecond & the fourth 
which is required be of another. For one andthe ſame de- 
nomination is not required neceſſarily in them all. So in 
Geometric, it ſufficeth if che ſides A B, AD, reſembling the 

| firſt 
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firſt and third lines ginen be meaſured in one Scale, and the 
arallells BC, D E be meaſured in another. Wherefore 
Fen the proportion of A the firtt line, and C the third 
line,by Je fitt prop. before. Which is here as $8 to 12,6 delce- 
ding in leſſer numbers 1s as4 to 6,or as2 to 3,or aſcending in 
greater numbers, as 16 vato 24, or 13 to 27,0r 20 to 3o, or 
30 to 45,0r 40 to bo&c.It the Sector be opened in the points 
of 8 and 8,tothe quantity of B, the ſecondlive giuen, then 
a parallel] betweene 12 and 12, ſhall giue D EF, the fourth 
line required, So Iikewiſe ft it be opened iu 4 andq, then 
a parallell berweene Gand 6, orifin 15and 16, then a paral 
lell betweene 24 and 24 hall gince the tame D E. Andſo in 


rhe rcit. 


8 Todinuide alixe in ſuch ſort as another line 
is before divided. 


FE rake out the line gmen, which is already diuided,and 
laying 1t on both ſides of the Sector from the center,marke 
how farre it extendeth.Then take out the ſecond line which 
15 to be diuided,and to it open the Sector in the termes of the 
firſt line, This done, take out the parts of the firlt line, and 
place them alſo on the ſame {ide of the Sefor from the cen- 
rer, Forthe parallels taken in che termes of theſe parts, ſhalhe 
rhe correſpondent parts in the line which 1s robe dinided. 

Ler AB, bealine duidedin Dand ZE, andBC, the line 
which I am to diuide in {uch fort, as AB is diuided. 

Firſt I rake out the jine AB, and place it on the line of 
Lines in AB, AC, borh from the center A, then take I out 
the ſecond BC, andtoir open the Sretor in Band C, the 
rermes of rhe firlt line, The Sector thus opened ro his due 
angle,I rake out A D and A E,the parts of the firſt line A B, 
and place them alſo on both che ſlides of the Sector in A D, 
AE, ſothe parallell DD, giucch me BF, andthe parallell Z 
E,gmecth me B G,and now the line 8 C,isdiuidedin F & G, 
as 15 the other line A B,inD and F, which is that yrhich was 

D: 3 requ1- 
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required, 


If the lIme AP, were ng ee one of the [1des of the 


Ruler, then ſhould I finde whar proportion it hath to Js 
parts AD, AE, andthar knowne I may worke as betore m 
the former propolition, 


9 Two numbers being giventod findeathird 
in continual proporticn. 


Irſt reckon the two numbers giuen on both ſides of rhe 
lines of Leres from the center, and marke the terms to 
which either of them extendeth, then raxe our a line retem- 
bling che {ccond number againe, and to it open the Sector 
m the termes of the firſt number, torſo keeping the Sector 


at this angle, the parallell diſtance berweene the rermes of 


che ſecond laterall number, being meatured in rhe tame 
Scale, trom whence his parallell was taken, thall giue the 
third number proport:onal!. 

[.ct the two numbers giuen be 1$, 24, theſe be'ng re- 
icemblced iu lincs, the worke will be in a manner all one, with 
that in the lixt ts and fo the thyra proportionall 
numberyull be foundto to be 32, 
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10. Three numbers being giuen ts findea fourth 
in diſcontinurll proportion. 


7 ſolution of this propoſition, 1s in a manner all one 
with rhar before in the ſecuenth Prep, onely there 
may be ſoine difhculty in placing ef the numsers. To avoyd 

this, we mutt remember that three number being giuen, 

the queſtion 1s annexed bur to one, and thitz muſt allwayes 
be placed im the third place, that winch agrees with this 
third number in denomination, ſhalbe the firſt number,and 
thacwiuch remameth the fecond number, This being con- 
lidered, recxon the firlt, and third numbers, which are of the 
hilt denomination on both {ides ot the lines of Limes trom 
che center, and marke the trermes to which either of them 
extender, then take out a line reſembling che ſecond num- 
ber, and to it open the Sectoy 1n the terinvs of the firſt nuwn- 
ber, tor ſo keepin » the Sector at this angle, che parallell Uit- 
tance berweene th rermes ofthe thu] licerall numOer, Le- 
mg meaſured inthe ſame Scale troin whence 13 parallell 
was taken, fhall gine che fourch number proporcmon all, 

As ita queſtion were propoted in thi; manner, Io yards 
colt 8 P, how many yards may we buy tor 1282 hcere the 
quett;zon is annexed io 12 3 andiherc Fore it thall be the third 
number, and Decante $ 1s of the fane denomination, it {}; lt 
be the firtt nul orchen to vemuininy, mnt oethetecont] 
number, fowill they ftand in this order, 8, 10,12.Thete he- 
ing redembled mm inc, the wore will bem a manner the 
June, with thatin che feucnch Prop. and the fourth pro- 
portionall number w:il be tyund co be 15, Loras8 ae to 
Io, for2 vito I5. 

And this holdeth in dire proportion, where, a3 te ft 


number 1s tothe fecond, fo tlic third wo ihe tourth, So that it 


thethird number be rrearer then the fill the forrth will be 
orcatcy then the iecond,or it the third number be lefle the: 
the firit, the tour vill be 1ogle thei the ſecond, bu: tin 


reerprocall proportion, commonly callted the Pick rave, 


2 3 wher: 
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where by how much the firſt number is greater then the 
third, ſo much the ſecond will be leſethen the fourth, or 
by how much the firſt number 1isletſe then the third, ſo 
much the {econd will be greater then the fourth. The man- 
ner of working mult be contrary, char is ; the Sector is to be 
opencd in the termes of che third number, and the parallel! 
reſembling the number required, 1s to be found betweene 
the termes of the firſt number, the reſt may be obſerucd as 
before, as for example. 


If twelue men wonld raiſe a frame in ten dayer, in how many 
dayes wonld eight men raiſe the ſame fram: ? Here, becanſe the 
fewer men wonld require the longer tine, though the numbers be 
12, 10,8. yet the fourth proper tionall will be found tobe 15. 


So if 6o yards, of three quarters of a yard in breath , would 
hang round about 4 roome, aud it were required to know how many 
yards of balfe a yard in bredth, would ſerne for the ſame roome. 
The fonrth proportionall would be found to be 90. 


So if to make a foote ſuperficial, 12 inches in bredth doe require 
12 inches in length,and th: bredth being 16 inches,it were vequired 
20 knowe the length. Here, becanſe the more breath,the leſſe length, 
the fourth propor tionall wii be found to be g. 


Soif to make @ Solid foote, a baſe of 144 inches, require 12 
inches in height, and a baſe ginen bring 216 mches, it were requi- 
red to knowe how many inches it ſhall hane m height. The fourth 
proportional! would be found tobe 8. 


This laſt propoſition of _— a fourth proportional) 
number, may be wrought alſo by the lines of Smperficies,and 
by the lines of Sofras, 
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CHAP, II. 
The vſe of the lines of Super ficies. 


1 Tofinat a proportion between two or more like 
Superhicies. 


oO one of the ſides of the greater Superficies giuen,and 
according toitopen the Sector in the points of x00 and 
. Too, 11 the lines of Swperficies, then take the like (ides of the 
apa 4s wy amen and carry them parallell to the for- 
mer, till they ſtay in like points, ſo the number of poiyts 
wherein they (tay, ſhall ſhew their proportion vnro 100, 
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Let AandB, be the ſides of like Swperficres, as the {jdes ot 
rwo ſquares, or the diameters of two circles, frſt I cake rl 
tide F, and to it open the Setfor in the points of 100, the1; 
keeping the Seetor to this angle, I enter the leſſer fide B, p1 
rallell to the former, and finde it rocrolle the lines of Swpe7- 
ficies in the points of 40, whereforc the proportion of the 
Snperſicies, whole (ide is A, tothat whoſe fide is B, isas 100 
vnto qo, which is in lefſer numbers, as 5 vnto 2, 

This propoſition might haue beene wrought by 60, or 
any other number that admits ſeuerall diuifions. Ir may alſy 
be wrought without opening the Sector, forif the ſides of 
the Saperficies giuen, beapplied to the lines of Superficies 
beginning alwayesat the cenrer of che Sector, there will be 
ſuch proportion tound berweene them, as betweene the 


11umber of parts whercon they fall. 
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2 To augment 4Superficies in a ginen Proportion, 
3 To dimimiſh a Superfictes in a giuen Proportion. 


Ake the ſide of the Swperſities, and to it open the Seftor 

in the points of the numbers giutn ; then keeping the 
SeHor at that angle, the parallel diſtance between the points 
of the number required, ſhall giue the like lide of rhe Swper- 
ficies required, 

5 E - 
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Ler eF bethe (ide of a Square to be augmented in the 
——_— of 2 to5. Firit I take the lide A, and put it ouer 
1n che lines of Swperficier, in 2 and 2;ſo the parallel between 
5 and 5, doth giue me the lide B, on which it I ſhould inake 
a Square, it would haue ſuch proportion to the ſquare of A, 
as 5 vnto 2. 

In Iike maner if B were the ſemidiameter of a circle to be 
diminiſhed inthe proportion of 5 vnto 2, I would rake our 
B, and put it oucr in the lincs of Saperfictes, in 5 and 5; fo 
the paralle]l betweene 2 and 2, would gue me A; on which 
Semidiameter if I ſhould make a circle,it would be letle then 
the circle made vpon the Semidiameter B, in {nach propor- 
tion asS2 1s letle y 2un Ss. 

For varictie of worke the hke caution may be here ob- 
ſerued to that which we gaue in the third Prop, ot 
Lines, 


4 Toaadde onelike Super ficits to ancther. 
5 To [nbtratt onelike Superficies from ancather. 


| ho che proportion betweene like l{ides of the Swperficies 
giuen, 1s to be found by the firlt Prop. of Smperfictes, 
then adde or ſubtract the numbers of thoſe proportions 
and accordingly augment or diminiſh by the former 
Prop. : 
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Avif A and B vere the lide of :wo Syuares, and it were 
r<quircd to make athird Square equall to them botl:. Fill 
; he proportion berweene to ſquares of A and B, would be 
*Ound to be as 100 vitoqo, or in the lefſer numbers as 5 to 
2; ther. becxuſe 5 and 2 added do make 7, I augment the 
tide A 1n the proportion of 5 to 7, and produce the lide C., 
on which if I make a ſquare, it will be equall ro both the 
{quares of A and B, Ky 75 \was required. 

In like maner A and B being the ſides of two Squares, 't 
it were required to ſubtract the ſquare of B our of the {quare 
of A, and to wake a ſquare cquall to the remainder, here 


- the proportion being as 5 to 2, becauſe 2 taken 'our of 5, 


thc remainder is 3, I would diminiſh chelide A in the pro- 
portionofy to3, and ſol ſhould produce the fide D, on 
which if I make a ſquare, it will be cquall ro the remainder 
when the ſquare of B is taken our of the ſquare of A, that 15, 
the rio ſquares made ypon B and D, ſhall be cquall co rhe 
frit {ſquare made vpon « 47 lide ec. 


4 To find a meane proportional between 
two lines given. 


Irit f£nd what proportion is berv:cene che lines giuen, 
as they are lincs, by the filth Prop, of Lines, then 
open the Settoy in the lines of Smperficres, according to his 
number, tothe quantitic of the one, and a paralle}l raken 


berweene the points of the number belonging to the other | 
lne ſhall be the mcane proportional], ' 
A 
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; oh 2 5 4 
&. EY ——_— bY w —__ — 
| ———_—_— —___ — —_— - — n —_ - 


Er 


26 The ve of the line of Supetficies, 
Let che lines giuen be A and C.The ty rg between 
c 


-liem as they arc lines wil be found by the fifth Prop.of Lines 
ro he a5 4 to 9. Wherefore I take the line C, and pur it over 
in the lincs of Swperficies betwecne 9 and 9, and keep.ng 
the Seftor at this angle, his parallell berwecne 4 and 4 "4 
giue me B for the meanc i re Then tor proote of 
che operation I may take this line B,and pur it ouer between 
9 and 9: ſo his parallel between qand 4.ſhall give me the fit 
line A.Whereby it 1s plaine that theſe three lines do hold 1n 
contmuall proporrion;zand therefore B 1s a meane proportto- 
nall berweenc A and C the extremes giuen. 

| Vpon the finding out of this mcane proportion depend 
many Corollaries, as 


To make a Square equall to a Superficies ginen. 


I the Swperficies giuen be a reAtanyvle parallellogram, « 
meane proportionall berweene the two vnequal lides ſhall 
be the lide of is cquall ſquare. 

Tf if} ,all be arriangle,a meane proportion berweene the 
perpendiculir and halte the bafe ſhal be the {ide of his equal 
tquwe. Ifir ſhall be any other right-lined figure, it may bc 
reſolucd into tnangles,and fo a ide of a ſquare found cquall 
ro euery triangle; and theſc being reduced into one cquall 
ſquare, it ſhail be equall co the whole right-lined figure 


: P1UCN, : 


To finde a proportion between Super ficies, though they be 
nlike one to the other, 


F to enery Smpeyficres we find the fide of hisequall {quare, 
L :he proporaon berweene theſe ſquares, ſhall be the pro- 
portion betweene the Swperficres giuen, 
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Ler the Swperficies giuen, be the oblonge A, and the tri- 
angle B, Firlt between the vnequall ſides of AI find ameanc 
proportionall, and notre itin C- this is the ſide of a ſquarc 
cquall ynto A. Then betweene the prependicular of B, and 
halte his baſe, I Ende a mieane proportionall, and note ir in 
B: this 1s the fide of a Square cquall co FB: but che propor- 
tion between the ſquares of Cand B, will be found by che 
hrit Prop.of Swperficres to be as 5 to q: and therefore this 15 the 
proportion berwene thoſe giuen Swperficies. 


To muke 4Superficies like to one Super ficies 
and equall to another. 


\ Bs theone Saperficies gruen be the 1riawgle A, and the 0- 
ther the Rhowwboides B,and let it be required to make an- 
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other Rhomboides like ro B,and cquall to the eriang/e A, 
Firit between the perpendicular and the baſe of B,I find 

1 meane proportionall, and noe ic in B, as the ſide of his c- 

quall Ty then berweene the perpendicular of the tri- 


angle A,and halfe his baſe, I ind a meane proportionall,and 
notc it im 1, as the fide of his cquall ſquare. Wheretore now 
as the (ide B 1s to the lide A, fo ſhall the Hides of the Rhom- 
boides ginen be to C and D, the lides of the Romboides re- 
quired,& [11s pendiculara'ſo to E,the perpedicularrequired, 

H wing the lides and the perpendicular, I may frame the 
Rhomboides vp, and it will be «qu3llro the triangle A. 

It the Sapryficies grucen had been any other right-lined 
fgurcs, they might haue been retolued into eriangles, and 
then broughr into ſquares as betore. 

Many (uch Corollarics mught haue been annexed, butthe 
meancs of hnding a meane proporauonall being knowiicg 
they all tollovy of chcmielues, 


7 To finde ameane propertionall betweene tyso 
numbers giuen. 


| 276 reckon the two munhbers given on hoth ſides of che 
Lines of Saperficies,trom the center, and mark the terines 
whereunto they extend; then take a line out of the I inc ot 
Lines, or any other ſcale of equall parts reler;bling one of 
thoſenumnbers giuen, and pur it ouer 11 the eermes of |; 5 
likenumber in the lines of Sperficees, ; for fo keeping tl:g 
Seftor at this angle, the parallel{ caken troin che rermes of the 
other number and mcafurcd in che tame cate from which 
the ochcr parallcll was eaken, thall hcre ſhew the meane pro- 
portionall which was required, 

Let che numbers gen be 4 and 9. If I ſhall rake the linc 
A, in the Dragrem of the lixt Prop. reſembling 4 in a ſcale 
ot equal. parts, and to it open the Sefor in the termes of 
4 and 4, mthelines of Saperficies , his paralleil betwcene 9g 
and 9 doth giue me B for the meanc proportionall, And 


which 


this meaſured mthe ſcaleof equall parts doch. extcud to 6, 
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which is the meane proportionall number betyveen 4 and 9, 
Foras 4to6, fo 6 tog, 


In tixe maner it I cake the line C, reſembling 9 in (ral 


of equall.partz, and to it 0en the Seftor in; the reries of 9g 
and 9,1n the lines of Swperſicies, his parallell between 4 and 4 
doth ge me the ſame line B, which will proue to be 6, as 
betorc, it it be mcaſured in the ſame ſcale whence D wi 
taken, 


8 To findthe [ſquare roate of a number. 
9g The roete being yiu*n to find the ſquare num- 
ber of that roote. 


N the extraction of a ſquare roote 1r*15 vſuall co ſer pricks 
vader the firit figure, to third, che fifch,cthe ſcuenth, and 

to torward, beginning from the right hand toward the lett, 

and as many pricks as tall ro be ynder the ſquare number gi. 

ucn,fo many figures ſhall be in the roote : {o that if che num- 
ber giuen be letſe then 100, the roote ſhall be only of one 
hgure; if letle then 10000, ir ſhall be but two figures; It letle 
then rooo000, it ſhall be three figures,&c. 

Thereupon the l:acs of Sawperfizies arc diuided firit into an 
nundred parcs,and it rhe number giuen be greater then 100, 
the firſt drnition (which beiore did fignitic only one) nauit 
{lignitic 100, and the whole line thall be xo000 parts: If yet 
the number ginen be greater then 20000, the firtt diviſion 
mult nov lignthe 10000, andche witole linc be efteemed ar 
1000000 parts: and it this be too litele to expret]e che num- 
her giuen, as ot* as ive haue recourſe to the beginmng, the 
whole linc thall increate it ſelte an hundred rimncs. 

By cehis mcanes if che laſt pricke to the lete lian. l Nall fall 
vnder the laſt figure,which will be as ott as there bez odde ti- 
gures, the number gwen ſhall fall our berweenc che center. 
of the Sefor and the tenth diuition : bur if the lat prick (hall 
tall vnderche lait figure but one,which will be as ofcas there 
be cuen figures , « 260 the number giuen jhall tall our be- 


weene the tepth duwylion and the end of the Setter, —_ 
E 3 \?:; 
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0 The oſt of the line of Superficies. 

This being conſidered, when a number is giuen and. the 
ſquare roote 15 required,take a y_ of compalles and ſetting 
one foote in the center, extend the other to the terme of the 
number giuen in one of the lines of Superficies, for this di- 
ſtance applied to one of the Lines of Lines, ſhall ſhew what 
the Square roote is, without opening the Selfor, 

Thus 64 doth giue a roote of 8, and 860 a roote of almoſt 
19, and 1296 a roote of 36, and y056 a roote of $4, and 
62500 aroore of 250, and 714000 a roote ot abour 845, and 
fo 1m the reſt. 

On the contrary, a number giuen may be tquared, if firlt 
we exrend the compatlles ro the number giuen m the lines ot 
Lincs, and then apply the diſtance co the Lines of Super ficies, 
a3 may appeare by the former examples. 


io Three wambers being given to find the fourt!: 
in a duplicated proportion. 


T is plaine by che 19 and 20 Prop.6.L5b.ot Ewclid, thar like 

Smperficries do hold in a duplicated proportion of their ho- 
mologall ſides, whereupon a quettion being moued concer- 
ning Seperficier and their fides. Tr is viuall in Arirh- 
mericke that the proportion be firſt duplicated before che 

ueſtion be reſolued, which 1s nor neceſlaric in the vic of 
% Seftor, only the numbers which do lignific Saper ficies 
muſt be reckonedin che lines of Swperficies, and they which 
ſignifie the ſides of S»perficies, in the lines of Lines, after 
chis maner. 

If a queſtion be made concerning a Swperficies, the two 
numbers of the firſt denomination mult be reckoned in the 
lines of Lines, andthe Seftor opened inthe termes ofthe firit 
number co the quancirie of a line out of the ſcale of Supey- 
fines reſembling the ſecondnumber ; to his parallels taken 
berweene the cermes of the third number, being meaſured 
in the ſame ſcale of Swperficies, ſhall ge the Superficial 
number which was required. 

As H aSquare,whols (ide is fartie perches an length, ſhall 
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containe ten acres in the Swperficies, and it be required to 
know how many acres the Square ſhould contain,whoſc ſide 
15 ſixtie perches, | 

Here if I tooke 10 out of the line of Seperficies, and put it 
ouer in 40 inthe lines of Lines, his paralleJ| between 6o and 
60 meaſured in tho line of Swperficres,wou!d be 22, and 
ſuch is the number of acres required . For Squares do hold 
in a duplicated proportion of theirſides whathes when 
the proportion of their [ides is as 4 ro 6, and 4 multiplied 
into 4 become 16, and 6 multiplied into 6 become 36, the 
proportion of their ſquares ſhall be as 16 ro 36; and ſuch is 
the proportion of to to 22 *. 

It a held mcaſured with a ſtatute perch of 16 *. foote, ſhall 
containe 288 acres, and ic be required to know how man 
acres it would containe if it were meafured with a wake 
land perch of 18 toote. 

Here becauſe the proportion 1s reciprocall, if I tooke 288 
out of the line of Saperficres, and pur it ouer in 18, in the lines 
of Lines, his parallell berv/cene 16% and 165 meafured m 
the line of Swperficies, would be 242; and\uch isrhe number 
of acres required. 

For ſeeing the proportion of the [ides 15 as 1G tO 18, or 11 
lefſer numbers as1x to 22, and that 11 multiphed into 
become 121, and 12 into 12 become 144, the proportion of 
cheſe Swperficies thall be asa 121 tO 244, and to haue 288 to 
242, in reciprocal! proportion. 

On the contrary, if a queſtion be propoſed concerning, 
the lide of a Superfictes, the rwo numbers of che firit deno- 
mination mult be reckoned in the lines of S»perficies,and the 
Settor openedin the termes of rhe firſt number,ro che quan- 
ticie of a linc,our of che line of Lines,or lome Scale of equall 
pares,relembling the ſecond number ; 1o his parallell raken 
between the :ermes of the third number bcing meaſured in 
the ſame ſcale with rhe ſecond number, hal giue the tourth 
number required. 

Asif a field containcd 288 acres whiemn jt was meaſured 


with a Ratute perch of 16 '; , and being incatured with _ 
| cher: 
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32 The wſeof the line of Superficies, ud 
ther perch,was found to containe 242 acres,it were required * 
to know what was the length of the perch with which it zwas 
ſo meaſured, 
Here becauſe the proportion 1s reciprocll, if I tooke 16 - 
our of the line of Lenes, and put it oucr 11 242 1n the lines 
of Swperficies,1115 parallell berweene 288 and 288, being mea- 
ſured m the line of Leneswould be 18,aud{uch 13 the lengch 
ef the perch im toote whereby the ticld was laſt ineaſured, - 
For iceing the proportion of the acres 15 25288 vnto 242, 
or in che Icaſt numbers as 144 to 121, ardrthart the roote of 
144 15 12, and the root of 121 15 11, the proportion of roots 
and con{cquently of the perchesſhal! be as 12 to 11, and fo 
are 16; ro 18, in recoprocall proportion, 
It 360 men were to be ſer in forme of a long ſ{quarc,whoſe 
tides ſhall hauc the proportion of 5 to 8;and it were required 
cokno\y the number of men to be placed 1n front and file : 
f che [1des were onely 5 and $, there ſhould be bur qo me::; 
bur therc are 360: thercfore working as betore,I find chat 


As 40 to the ſquarcof 5, 
ſo 36c to the 1quare of 15. 


As40 to the ſquare of 8, 
ſo 360 to the ſquare of 24. 


and ſo 15 and 24 are the lides required, 


If xooo men were lodged in a oc ground, whoſe lide 
were 60 paces, and it were required to know the ſide of the 


ſquare wherein 5000 might be ſo lodged, here working as 
before, I ſhould find that 


AS 1000 arc to the ſquare of 60: 
ſo 5000 ro the ſquare of 134. E 


And ſuch very neare is the number of paces required. 


CHAP. 
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CHAP. IV. 
The w/e of the lines of Solids. 


1's findeaproportion betwe ene twooy more like Solids: 


N the Sphere, in regular, parallell, and orher like bodies, 

whole [1des next the cquall angles are proporrtonall, the 
worke 151n a manner the ſame, with that m che firit Prop, of 
Swperficier, bur that it is wrought on other lines, 

Take one ot the lides of thc greater Solid, & according to 
it open che Seffor in the points of 1000 and 1000, the lines 
of Solrds, then take the hike {ides ot the letler Solrds ſeucr- 
ally, and carry them parallell co the former, till they ſtay in 
like points, ſo the number of points wherein they ſtay, ſhall 
ſew their proportion to 1000. 


ſOnrrlDt p 
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I er Aand B, bethe like (ides of like Solids, either the di- 
ameters, or ſemidiamcrers of two ſpheres, or the lides of two 
cubes, ororher like. Firſt I rake the fide A, andto it open 
the Sector in the points of 1000, then keeping the Sector ar 
this angle, I enter the letTer {ide B, parallell to the former, 
and finde it ro crollethe line of Solids in the poinrs of 400, 
and (ſuch 1s the proportion beriveene the Solids required, 
which in letſer number 1sas 5 to 2. 

This propoſition might haue becne wrought by 60, or 
any other number that admits ſeucrall diuijons. 

Ir may alſo be wrought without opening the Sector, for if 
the (ides of the Solids.giuen,be apphed to the lines of Solids, 
—_ allwayes at he center of the Sefor, there will be 
luch proportion betweene them, 25s betweene the numbers 
of parts whereon they fall. 


F 2 To 


Z7C7PF|1 


34 The ſe of th? line of Solids. 


2 Todugm:nt 4 Solid in « giuen proportion, 
3 Todiminiſh a Solid ina giutn properiion. 


Ake the ſide of the Solid giuen, and to it open the 

Sector, in thepoints of the number given : then keep- 
;ng the Sector at thar angle, the parallell diſtance ber weene 
the poinrs of the number required, ſhall giue the like ſide of 
the Solid required. 

If it be a prelelcopipedon, or ſome irregular Solid, the 
other ike lides may be found our in the ſame manner, and 
with themthe Solids required, may be made vp with che 
ſame angles, 


0 
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Ler Abe the ſide of a cube, tobe augmented in the pro- 
ortion of 2 to 3. Firſt I cake the ſide A, and put it ouer in 
the lines of Solrds in2 and 2, ſo the parallell betweene 3 and 
3,doth giue methelide B, on which if I make a cube, it will 
hane ſuch proportion to the cube of A, as 3 to 2. 

In like manner, it B were the diameter of a Sphers, to be 
diminiſhed in the proportion of 3 to 2. I would take out B, 
and putt ouer in the lines of Solids, in 3 and 3, fo the pa- 
rallel| beeweene 2 and 2, would giueme A : to which dia- 
meter if I ſhould makea Sphere, it would be letſe then the 
400 whoſe diameter is B, in ſuch proportion as 2 is leſle 
then 3. | 

Herealſo forvaricty of worke, may the like caution be 
obſcrucd to that which we gaue in the t'.1rd Prop. of Lees. 


4 ToaddeonelbikeSclid to another, 
5 Toſubtratt one like Solid from another. 


F Irſt the proportion berweene the lides of the like Solids 
guen, 15to be found by the firſt Prop. of Solids : then adde 


or 
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or ſubtract thoſe proportions, and accordingly augment or 


diminiſh by the former Prop. 
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As if Aand B wererheſidesof two cubes, and it were re- 
quiredco make a third cube equall ro them both : firlt the 
proportion berweene the (ides A and B, would be found to 
be a5 100 to 40, or 111 letlertermes as 5 to 2. Then becauſe $5 
and 2 bing added do make 7, I augment the fide A in the 
proportion of F to 7, and produce rhe ide C, on which it I 


 makea cube, 1t will be equall co both the cubes of A and B, 


which was required, 

In hke maner Aand B being the fides of two cubes, if it 
were required co ſubtract the cube of B out of the cube of 
A,and to make a cube equal to the retnainder, Here the pro- 
portion being as 5 to 2,becauſe 2 taken out of 5,the remain- 
der 18 3, I ſhould diminiſh the fide A in the proportion of '5 
co 3, and o | ſhould have the ſide D, on which if I make a 
cube,it will be equall ro the remainder when the cube of B 
1s taken out otthe cube of A, thar is che two cubes made vp- 
on B and D, ſhall be equallco che firſt cube made vpon- the 


{ide A. 


6 To find two meant proportional lines betweene 
two extreme lines ginen. 


| omg I find what p—__ is betweene the two cxtreme 
lines giuen as they are lines, by the fifth Prop. of Lines, 


then open the Sedtor in the lines of Solids, tothe quantitic of 
che former extreme , and a parallell betweene the points of 
the number belonging to the orcher extreme , ſhall be that 
meane proportionall which is next the former extreme. This 
done, open the Sefor againe to this meane proportionall in 
the pojnts ofthe former extreme , and the paralle!] diſtance 

F 2 be- 
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[? berweene the poinrs of the latcer extreme, ſhall be the other 


meane proportianall required. » 
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Let the two extreme lines giuen be A and D, the propor- 
rion berweene them, as they arc lincs, will be found to be ax 
27 ro 8. Wherefore I take the line A, and pur it oucr in the 
lincs of Solids berwecne 27 and 27, and keeping the Seftgr 
at this angle, his parallell berweene 8 and 8,doth give me B, 
the meane proportionall next vato A. Then pur I oner this 
line B,berweence the aforcſaid 27 and 27,and his parallell be- 
tweene 8 and 8 doth giue me the line C, the other meane 
proportionall which was required. 
i Againe, ors pn of the operation I pur ouer this line C 
in the aforcſaid 27 and 27, and hisparallell between 8 and 8 
doth give me the very line D:whereby it 15 plaine that theſe 
foure lines do hold in conrinuall proportion;and ſo B and C 
are tound to be the meane proporcionals berwecne Aand D 
the extremes giuen, 


7 To find two meane proportionall numbers 
between two extreme numbers gtuen, 


Irſt reckon the numbers giuen on horh ſides of the l1nc 1 

of Solids, beginning trom the center, and marks the 

ecrines wherero they extend: then :ak + a linc out of the hne 

of Lines,or any other ſcalc ot equall paris rcſem bling the for- 

ner of thoſe numb*rs, and pur it over 11 the lines of So/iAs, 

berweene the points of his Iike number, and a parallel! be- 

"= eweene the points belonging co the other extrem-,meaſured 
2, 1n t1c ſcale tronr whence the other parillell wasraken, ſhall 
gine thar mcane proportionall number which is next the 

former extreme . Thus done, open the Sefor apaine ro this 

211cane proportianall 1n the pots of the former extreame, 


and 
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and the parallel! diſtance berweene the poines of the latrer 


extteame, meaſured in the fame ſcale as before , ſhall there 
ſhew the other meane proportionall required, 
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Let the ewo extreame numbersgiuen be 27 and 8; if I 
ſhall rake the line A,reſembling 27 in a ſcale of equall parts, 
and ro 1t open the Seftor in 27 and 27, in the line of Solids, 
his parallell berweene$ and 8 doth gineme- B for his next 
meane proportionall, and this meaſured in the formerſcale 
doth extend to 18, Then pur I ouer this line B between the 
aforeſaid 27 and 27, and his parallell berween 8 and 8 doth 
gue me C forthe other meane proportionall, and this mea- 
jurcd inthe former ſcale doth extend to 12. Againe, for 
proote of my worke, I pur ouer this line C betrweene z7 and 
27, as betore, and his parallell berweene 8 and 8 doth giue 
me D, which meaſured in the former ſcale doth extend to 8, 
which was the latter extreame number giuen; whereby it 1s 
plaine that chete foure numbers do hold in continuall pro- 
portion : and therefore 18 and ra arc meane proportional* 
herweene 27 and8,which was requned. 


8 To finde the cubique roote of a number. 
9 Therootc been? ginen to find: the cube uumbir 
of tht roote. 


JP the extraftion of a cut5ique root, it is vſuall to ſer pricks 
vnder rhe firſt figure, the fourth, the ſeuench, the renth, 
and fo forward, omirting two, and pricking the chird from 
the righrhand toward che lett;and asin ny pricks as fall ro 50 
vnder the cub1que number, ſo many figures ſhall be 19 the 
ropte. So that if the number giuen be letfe then 1000, cite 
roote ſhall be only of one figure;. if. letle then 1000000, it 
N:all be but of wo figures ; if abone theſe, an Ie rhicw 
2500000900, it ſhall be but three figures ; &c. whereupon 
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the lines of Solids are diuided, firlt into ro08 parts, and if the 
numbers giuen be preater the 1000,the firit diuifion(wheah 
before did ſignifie onely one) mult lignthe 2000, and the 
whole line thall be ro00coo : 1t yet the number giuen be 
greater then xooco00, the Hirſt druition muſt now lignifie 
1000007, and the whole linc be eſteemed at roo00cooo 
parts, and if theſe be to little ro expretſe the numbers gwen, 
as oft as wee hauc recourle to the begining, the whole hne 
ſhall encreaſe it ſelte a thouſand t:mes, 

By theſe meanes, f the laſt pricke, to the lcft hand, ſhall fall 
vnder the laſt figare, che nuwber giuen ſhall be reckoned 
at the beginning ot the lines of Solids, trom 1 to 10, and the 
tirit figure of the roote ſhall be alwayes either 1, or 2. Irthe 
laſt pricke ſhall fall vnder the laſt 6gure bur one, then the 
number giuen ſhall be reckoned in . = middle of the line ot 
Solids, betweene 10 and 100, and the firit figure of the roote 
ſhall be alwaycs citherz, or 3, or q. But it rhe laſt prick 
ſhall fall vnder the laſt hgure but two, then the number gi- 
ven, ſhall be reckoned at the end ot the hne ot Solids, be- 
tweene 100, and 1000. | 

This being confidered when a number isgiuen, and the 
cubique roote required : Set one toote of the compatlles in 
the center of the Sectror,extend the other in the line of Solrds, 
cothe points of the number gen : tor this diſtance applied 
ro one of the line of Lezes,ſ)1all ſhew what che cubique roore 
1s, without opcning the Settor, 


So the neareſt roore of 8490000, 1s about 204. 
The neareſt roote of 84900000, 1s about 439. 
The nearelt roote of 849000000, 15 about 947. 


On the contrary, a number may be cubed, ithrit we ex- 
tend the compatles to the number giuen, in the line of 
Lines, and then apply the diſtance to the lines of So/rds z a+ 
may appcare by the former examples. 
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10 Three numbers being tinen ts fide 4 fourth in 4 
triplicated propertion. 


$ like Swperficies do hold in a duplicated proportion, 
Ac, like ſolids in a triplicated proportion of their homo- 
logall ſides : and therefore the ſame worke is to be obſerned 
here on the lincs of Solar, as before in the lines of Swper fi- 
cies; a8 may kid 2 by theſe ewo examples, 
It a cube whoſe hide 15 4 inches, ſhall be 7 pound weight, 
and it be required to knowthe weight of a cube whoﬀe lide 
is 7 inches; here che proportion would be, 


As4aretoa cube of 7: 
lo7roacubeof 37 ;. 


And if I rooke 7 our of the lines of Solids, and put ir ouer 
in 4 and 4q,in the lines of Lines, his parallell between 7 and 7 
meaſured in the lines of So/tds, would be 37 !; and tuch 1s 
the weight required, 

If a bullet of 27 pound weight haue a diameter of 6 in- 
ches, and it be required to know the diameter of che like 
buller, whole weight is 125 pounds; here the proportion 
would be, 

As the cubique rootof 27 1s vnto 6: 
ſo che cubique root of 125 1s ynto 10, 


AndifFtooke 6 out of the line of Lines, and put it ouer 
m 27 and 27 of the lines of Solids, his parallell berweene 525 
and125 meaſured in cheline of Lines, would be 10; and ſuch 
13 che length of che diamerer required, 


The end of the firft booke, 
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Containing the vſe of the Circular 
Lines. 


CHAP. Lb 


Of the nature of Sines, Chords, Tangents and 
Secants , fit to be knowne before hand 
in reference to right-line Triangles. 


N the Canon of Triaveles, a circle is commonly di. 
uided into 360 degrees, each degree into 60 minwter, 
cach minute into 60 ſeconds. 
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A ſemucircle therefore is an arke of 180 pr, | 
Gr A 
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A quadrant jsan arke of 90g. 

The mealure of an angle 15 the arke of a circle, deſcribed 
out of the angular point, intercepted betyweene che lides tut 
ficiently produced. 

So the meaſure of a right angle 1s alwayes an aike of go 

r. andin this example the meaſure of theangle B A D 1: 
thcarkeB C of 40 gr;the meaſure ofrcheangleB AG, 1; ile 
arke B F of gogr. 

The complement of an arke or of an angle doth conms- 
ly ſignific that arke which the giuen arke doth want cf go 
gr: andlo che arke B F 1sthe coplement of che arke B C; & 
theavgle B A F,whoſe meaſure 15 B F,is the complement of 
che aagle B A C;and on the contrary. 

The comptcmenr of an arke or angle in regard of a {c1m- 
c rcle, 15 that arke which the giuen arke wanterh co make vp 
180 gr: an fo the angle E A 1 is the complement of the 
angle E AF, as the arke EH is the complement of the arke 
FE, in which the arke CE 1s the excelle aboue the quas 
dranc. 

The proportions which theſe arkes (being the meaſtres 
of angles}Tiaue to the {ides of a triangle,cannor be certaine, 
vuletle that which is crooked be brought to a ſtraivhic line; 
and that nay be done by the application of Cheras, Rirhe 
Simes, verſed Simes, Tangents and Secants,totlie ſeinidiaricter 
of a circle. 

A Chorde is aright line ſubtending an arke: ſo B K is the 
chorde of the arke BCE, 2udBF& ; horde of the arke 
BF. 

A 78bt Sine 14 halte the chorde of the double arkegviz.the 
righe lime atiuch taller) perpendiculaily trom the one ex- 
neme of the VInen arke, \ pon the diameter dravync to the 
other extreme ofthe ſaid arke. 

Sorfthegiuen arke be B C, or the giuen angle beB.1C, 
ict the diameter be drawie through the center A vnto C; 


and a perpendicular B D be ler downe from the extreme P, 


rpon AC; this perpendicular B D ſhall be the right jine 
Lorh cfthearke BC, andalfoof the angle B AC: aud it is 
. alto 
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2)fo clic halfe ofrhe chord B E, ſubrending thearke BCE, 
which is double co che given arke BC, Inlike maner, the 
{emid:ametcr FA, 15 the right fine of the arke F C,and of the 
rioh: angle FA C; for: faliech perpendicularly vpon A C, 
indir is the halfe ofthe chord FH. 

This whole Sme of 90 gr. 15 hereafter calied Radins ; but 
11> other Sines take their denomination from the deprecs 
ad minutes of their arks. 

Smw verſus, the ver ſed ſine ya ſegment of the diameter,in- 
ecrcepred berweene the right fine of the ſame arke, andthe 
circumference of the circle', SoD C is the verſed fine of the 
arke C B, and G F the verſed ſine of the arke BF, and G H 
the verſed ſine of the arke B H, | 

A Tangent 1s a right line perpendicular to the diameter, 
drawne by the one extreme of the giuen arke, and termina- 
ted by the ſecart drawne from the center through the 0- 
ther extreme of the ſaid arke. 

A Sceant 18 a right line drawne from the center, chrongh 
one extreme of the giuen arke, til] it meete with the rangent 
raiſcd from the diameter at the other extreme of the ſaid 
arkC.1 

So ifthe ginen arke be C E, erthc gpincnangle be CAE, 
Ict the diameter be drawne through R centcr A to C, and 
in Cto AC, be raiſcd a-perpendicular C TI. Then let ano- 
therline bedrawne trom che center A through E,mill icmeet 
with the perpencicular CI m 1; theline CI is a Tar- 
gent, and A I i5the Serant both of thearke CE, and of the 
wpgle CAE, 
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CHAP:-IL 


Of the generall ſe of Sines and Tangents. 


1 The Radins bring knovwne to find the right [ine 
cf any arke or angle, 


F the Radius of the circle giuen be equall to the laterall 
I; dius,thar 15,ro the whole line ot Smes on the Settor,there 
needs no farcher worke, bur to take the other lines alto our 
of the lide ot the Settor, Bur it it be either greater or letler, 
then let it be made a parallel] Radms, by applying it ouer in 
the lincs of Smes,betweene go and 90; to rhe parallell taken 
from the like laterall ſines,ſhall be the ſme required. 

As it the giuen Radius be AC, and it were required to hind 
the ſine of 50 Gr.& his complement agreeable to that radius, 
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Ler A B, AB repreſene the lines 
ict B B, the diſtance berivee nc 90 


of finer on the Seftor, and 
and go, be cquall to the 
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' given radius A C. Here the lines A 45, 450, Ayo, may be 

called the /aterall fines »t 45,50, & yo; in regard of che, Ir place 
on the tides of tho Seftor, The lines betweene 40 and qo, be- 
tweenego and 50, beriveene yo and 90, may be called the 
paralell fines 0: 40,50,and 90; in regard they are parallel one 
ro che other, The whole line of go Gr. here ſtanding for the 
temidiameter of the circle, may be called rhe Radius. And 
cherefore it A C be put o'1cr in the line of Smes in 90 and go, 
and ſoinade a prallell radius, hs parallell line bet:vcene 50 
and 50, ſhall be B D, che line of 59 required, And becaute 
50 taken out o! go, chocomplcment 15 40; [11s paralleli ſine be- 
twecnce qo and 40, ſhall be BG, the line of the complement 
which was required, 


2 The richt (ine of any arke being giuen 
to finde the Radius, 


Vrne the line gen into a parallell fine, and his para! 
Icll Redias thall be the Radmws required, 

As it B D werethe giucn line of 50 Grand it veer e requ1- 
red to tinde the Radims: lecB D be made a parallell (tte of 
50 Gr.bv apply Ing 1t oner 1n the lives of Smes,betweene 50 
and 50; iv * parailell Radius berwecne go and 90 thall LL 


A C, the Radius required. 


3 The Radi'ss of a circle, or the right Sine of any arke 
being giuen, aud ſtreight line reſemblrog 4 Sine, 
to find the quantitie of that Inknowne Sin, 


Fr the Racius or right ſine ginen be turned into In5 pa+ 
rallell; chen rake the right Ine giten,and carTiC nt o_ 
tell ro the me r, til] 1c ttay i in like Sines: fo the number ot 
degrees and minutes where at ftaycch,thall gue the quanrinie 
of the Se required. 
As if BD were the ginen line of 50 Gr. and B G the 
ſtreight Ine giuen: firit I make BY) a prrallell {ine ot 50 Gr; 


then keeping the Settor at this angle, 1 caric the line B G 
G2 pa- 
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parallel}, and find it to ſtay in no ocher but 40 and 49; and 
thcrefore 40 gr. is his quantitie required. 


4 The Radius or any right Sine being giuen, to finde 
the verſed int of any arke, 


| þ the arke, whole verſed ſine 15 required, be lefſe then the 
quadrant, take the ſine of the complement out of the re- 
dius, and the remainder ſhall be the finww verſus, the vericd 
fine of that arke. 

As if A B being the laterall Raging, it wererequired to find 
to findthe verſcd lineof 40 gr; here the line of the com- 
plement is A 56, and therefore B go 15 the verſed ſine requi- 
red. Or if I reckon from B,at the cnd of the Seor, toward 
the center, the diſtance from 90 to Bo, is the verſed line of 
10 gr; from go to 70,the verſedline of 20 gr; from gc to 60, 
15 the verſed fine (1 30 gr; and lo inthe ret. 

If AD be the giuen ſme of 5o gr.and it be required to find 
the verſed ſine of 5o gr; hcre becaute A D 15 vncquall tothe 
larcrall ſine of 50 gr, 1 make it a parallell, And firit I] findche 
radius A C; then the line of the complement A 4o, which 
being taken out of A C, leaueth C 4o tor the vericd line 


_ of 50 gr.which was required. 


But if the arke,whoſe vericd fine 1s required, be greater 
then the quadrant, Is verſed fine alſo 1s greater then the 
Radirs, by the right lincot his excctle abouec go gr. 

As if A C being the Radius giuen,it were required to find 
the verſed (ine of 230 gr: here the cxcelle aboue go gr. 1540 
gr; and therefore the verſed inc required 1s cquail tothe Ra- 
dius A C and A 40, both being ſer together, 


5 The Diameter or Radius being ginen to finde 
the Chords of euery arke. 


The fines may be fitted many wayes to ſcrue tor chords, 
x A ſnebcing the halfe of the chord of the double arke, 
if the /ine be doubled, it giueth the chord of the double ark, 


« 
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a Sine of to gr.doubled pgiuerh a Chord of 20gr; and a Sine 
of t5 gr. being doubled. giuech a Chord of 3o gr; and ſo in 
the reit. As here B D,the fine of B Can arke of 40 gr. being 
doubled gmerh BE che chord of BC E, which 1s an arke of 
$9 gr. Wherefore if the Radius of the circle giuen be equall 
co che laterall Radius, let the Sefor be opened neare vnto his 
length, ſothar both the lincs of Sines may make bur one di- 
rect line: fo the diſtance on the fines betyweene ro and 10, 
{hall be a chord of 20;the diſtance betweene 20 and 20, ſhall 
be a chord of 40; andthe diſtance betwecne 3o and 30, ſhall 
be a chord ot 60; and fo 1n the reſt, 

2 Becaule a line 15rhehalte ofthe chord of che double 


arke, the proportion holderl: 
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As the diamcter F H vnto the radius :\ HH, fo the chord 
BE vntoche line D E,orthe chord G L vnro cheltine AL: 
and thea it the radius A H, be pur tor the atamerer, which 
isa chord ot 180 gr, the fine D E or AL ſhall ferue tor 
chard of 80 gr, and the {emiradius which is the line of 3o gr, 
!!!:al{terue for a chord of 6o gr, and go forthe ſemidiamerer 
ot acircle, and ſoin the reft.So that by theſe meanes we ſhall 
not need to double the lines of Sines as betore, bur onely to 
doubls the numbers. Aud to this purpoſe I hauc ſubdiuded 
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each degree of the ſines into ewo, that ſo they might ſhew 
[ow far the halfe degrees d'» reach in the lines, and yet ſtand 
for whole degrees when they are vied as chords. 

Wherefore if the Radms of che circle giuen be equall to 
the lateral ſemiradius (che ſine of 30 Gr.and chord of &o Gr.) 
there needs no farther work then to take the ſinc of 10 Gr. 
for a chord of 20 Gr. anda finc of 15 Gr.tor a chord of 30 Gr, 
&c. 

Bur if the Radins of the circle giuen be either greater or 
leffer then the larerall iemiradius, take the diameter of 1t,and 
make it a parallell chord ot 180 Gr. by applying it oucr the 
lines of Sines between 90 and go:or take the Radius or Semit- 
diametcr whuch js cquall co the chord of 60 Gr. and make it 
a parallel] Radius ot 60 Gr.by applying it ouecr in che {fines of 
3o and 3o, and keepe the SeFtor at this angle, The parallel 
taken trom the Jaterall chords ſhall be the chords requi 
red, | 

A< if the diameter ot a circle giuen were the line AB, 
and ir were required to find the chord of 8o gr: tir, I make 
AB aparallell chord of 18o Gr. or the halte of it a paralle}! 
chord of 60 Gr; ſo his parallell L G doth gue me FG the 
chord of 80 Gr,which was required. 

3 Sceing that as the line of the complement of che haife 
arke 1s ynto the Radins, 1o the line of the ſame whole arke 
isvnto the chord of it : if we ſceke bur tor one lingle chord, 
we may finde it without either paw. the lines, or dou 
bling the number. For applying ouer the Radius gmen 11 
the line of the complement of halfe the arke required, his pa. 
rallell ine ſhall be the chord required. 

As if the ſemidiameter of the circle gruen were A C, and 
it were required to find the chord of 4oGr:the halte of 4o Gy. 
1S 20 GF. %o complement of 20 Gr.is 70 Gr. Wheretore I 
make AC a parallell (inc of 70 Gr. and his parallell line G L 
doth giue me F G the chord ot 40 Gr.agreeable to whe ſermi- 
diamerer A C. 
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6 The chord of any arke being gruen to find the 
diameter and Radius. 


Vrne the chord gen vnto a parallell chord,and his Pa- 
rallell ſemiradius thall be the femidiameter, andthe pa- 
rallell radius ſhall be che diameter. 

Asif F G be the chord of 8ogr. I put this oner in G and 
L, the line of 40, and chord of 8o gr. and the parallell chord 
of 180 gr. giueth me AB the diameter required. 

Or it I turne the chord giuen into a parallell line of the 
ſ2me quanritie, his parallel] {ine of the complement of halte 
che arke,doth giue me the ſemidiamerer. 

Asif FG be the giuen chord of 4o gr. I pur it ouer in G 
ind L,the fines of gogr; then becaule the halfe of 4o gr. is 
20 gr. andthe complement of 20 gr: 15 70 gr, I take our the 
parallell {inc of 70 gr. and it giuerh me A C forthe ſemidia- 
meter, agrecable to that chord of 4o gr. 
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"7 To open the Sector tothe quantitic of any 
angle ginen. 
3 The Scior being opened, to find the quantitie 
of the angie, 


T is one thing to open the edges of the Sector to an angle, 

2nd another thing to open the !mes on the Sector to the 
ſame angle. For the lincs of {nes on the one lide,& the lines 
of fines on the other (ide,do make an angle of 2 gr.when the 
SeRor i5 cloſeſbut, and the edges doc make no angle at all, 
So likewiſe the lines of Swperficier and the lincs of Solids doe 
make en angle of 10 gr, which arc to be allowed to the 
cdpcs, 

The lines of /ines may be opened vo a right angle, it che 
v. hole line of roo parts be applied oucr in 80 and 60, 

The lines of fines may be opened to a right angle, if the 
large ſecant of 45 gr.be applied ouer in the (ines of go gr. or 
if the (ne of go gr. be appliedouer in the lines of 45 gr.or it 
che line of 45 gr. be apj)'1.d ouer in thelines of 30 gy. 

It it be required to open choſe lines to #ny other angle, 
rake out the chord thereof. and apply ir oucr in the ſemura- 
dia, and thoſe lines ſhall be opened to that angle. 

As t{ it were required to open che Sector im the lines of 
fines to an angle of 40 gr, take ont the chord of 40gr, and 
ro it open the Ser in the chord of Gogr; (o ſhall the lines 
of fines be opened totheanglerequired. Or if the ſame chord 
of 40 Gr. be applicd oucr berweene 50 and 50, in the lines 
of lines, they ſhall alto be opened to the ſame angle. If it be 
applied ouer in 25 of the lines of Swperficier, or 125 in the 
lines of Solids, thicy alſo ſhall be opencd to the ſame angle: 
becauſe the chord of 60 Gy. or line of 30 Gr. and yo in the 
lines of tones, and 25 in the lines of Saperfieces, and 125 in the 
Solids, arc ail ot the ſame length with che ſemiradius. 

Or it the Sewiradive be applicd ouer berweene the ſine of 
30 Gr. and the line of the complement of the angle 1CqUi- 
xcd, it wall open the lincs of Sines to that angle, 


Ac 
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'As ifthe ſcmiradins be applicd oner in the fines of 30 Gr. 
And che fine of 50 Gy. it ſhall open the lines of Smes to an an- 
ple of go Gr, 

On the contrary, if che Sefor be opened to an angle, and 
jr derequired ro know the quantitie thereof, open T COmMm- 
paſſes to the ſemiradius, and ietting one toote in the ſine of 
30 Gr. turne the othcr toward the other line of Suey, and it 
ſhall fall there in che complement of cheangle; if it fall on 
go Gr. the angle 1540 Gr; if on 60 Gr.the angle is 30 Gr. &c, 

Or take ouer the parallcll chord of 69 Gr. and meaſure ir 
in the laterall chord, andair ſhalt there ſhew che quantitie of 
che angle. As if the Sefoy being opened to an angle, I 
ſhould take ouer the parallell of 3o Gr. of che ſines, and $a 


Gr.of the chords, and meaſure it in the laterall chords, find it 


to be 4o Grz the m_ comprehended betweene the lines of 
Sines 15 40 Gr, bur the angle betweene the edges of the Se- 
or 133 Gr, lelle, and therefore but 38 Gr, 


9 To findethe quaniitie of any angle gigen. 


F out of the angular point, to the quanritie of che Semt- 

raditgs,be deſcribed an occult ajke that may cut both tides 
of theangle, the chord of thisarke meafured 1n che Jaterall 
gbord,ſhail grueriic quanntic of the angle. 

Lerthe angle giucn be B A C: fit I rake the Srwiradices 
with the compalles, and ſerting one toote in A, I cut the 
tdes of the angle in B and C; then | rakeche chord B C,and 
neature it in cthelaterall chord, and I find it ro be 11 Gr, 21:d 
15 AM. andiuch 1s the quantitte of the angle ginen. 


' SS" 
( —— 


an. ny << IL a dey RET Ps 


Ce ern ee ee AA ts OO — _— — 


—— <0 


- — —- <<  —_ -— 4 — 


Or if the arke be deſcribed out of the angular point at a- 
fy other diſtance, ler the femidiameter be turncd into a pa- 
: H x rallcll 
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\allell chord of 60 Gy. then take the chord of this arke, and 
carrie it parallel till ir croſſe in like chords : fo the place 
where it ſtayeth ſhall giue the quancitic of the angle. 

Asin the former example,if I make the ſemidiameter A B 
a parallell chord of 60 Gr.and then keeping the Settoy at that 
angle, carrie the chord B C paralleii, till it ffi. in he 
chords; I ſhall finde it to Ray 1n no other but 11 G7 15 Af. 
andſuch is cheangle B AC, 
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10 7Pon right line and 4 point giuen in it,to make 
an angle equall to any angle giuen. 


Pt out of rhe point giuen delcribe an arke, cutting the 
ſame line:then by the 5.Prop. atore, hnd the chord ot the 
angle giuen agreeable tothe {emidiameter , and inſcribe 1t 
mtothis arke : ſo a right line drawne through the point gi- 
uca,andthe end of this chord, thall be the lide that inakes vp 
che angle. 

Let che right line giuen bee B, anqche point giuen 1n 


. ir be A, andlet che angle giuen be 11 gr. 15 w. Here | open 


the compalles to any ſemidiameter A B, (but as oft as I may 
conueniently to the latcrall ſennradius) and ſetting one toor 
in A, I deſcribe an occule arke BC; then I ſecke out thc 
chordot 11 gr.15 w. and taking it with che comp tles, I tet 
one foore in B, the other crotſech che arke in ©, by whucl: 
I draw the line A C, and it makes vp che angle required | 


11 Todiniae the circumference of a circle 
into any parts required 


4 360 the mcalure of the whole circumtercnce be diuided 
by the number of parts required, the men gzucth the 
chord, which being tound will diuide the circumterence. 


So a chord of 120 gr, will diuide the circumference into 

3 <quall parts; a chord of gogr.into 4 parts; a chord ot 72 er. 
mto 5 paits; a chord of 60 gr.into 6 parts;a chord of 51 81.26. 
into 7 parts; a chord of 45 gr.into 8 parts ; a chord ot 40 gr. 
meo 
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into 9 parts; a chordof 35 gr.inco ro parts; a chord of 32 a. 
4+m.into 1T parts; achord of 3ogr.into 12 parts. 

In hxc maner if it be 1equired ro diuide the circumference 
of the cirele, whoſe ſemidiamerer 1s A B,into 32: firſt I rake 
the ſem!d:ameter A B,and make ir a parallell chord of 60 gr; 
rheu becon'e 369 gr. being dmided by 32, the quotient will 
bers gr.15 w.1 hndthe parallell chordof 11 gr.15 w.and this 
11 diuide che circumference into 32, 

Burt here che parts being many, 1t were better todiuide it 
t11it inco terver, and after to come ouer it againe. As firlt te. 
diuide the circumterence 1nto 4, and then cach 4 parts into 
8, or otherwilc, as the parts may be diuided, 


12 To diuide a right line by extreme and 
meane proportion, 


He line to be diuided by extreme and meane propor- 

tion, hach che ſame proportion to his greater ſegment, 
as in figures inſcribed in the ſame circle, the {ide of an hexa- 
con a hgure of [ix angles, hach co a lide of a dreagon a figure of 
een angles : bur the lide of a hexagon is a chord of 6o gr, and 
the [ide of a decagon 15 a chord ot 36 gr. 

Let AB be the line to be diuided : if Take AB a paral- 
lell chord of 60 gr.and to this {emidiameter find A Ca chord 
ot 36 gr. this A C hall be che greater ſegment, diuiding the 
11 hole line 11 C\ by extreme and mcane proportion.$o that, 

As AB rhe whole line's vuto AC the greater ſegment: 

to A C che greater ſegment vnto CB thic leller ſegment, 
Orlet AC be the greater teginent giuen: it I make thie 
2 paiallell chord of 56 gr. the correſpondent ſennidiametcr 
ſhall be the whole line 1 C,and che ditterence C B the letter 


[coment, 
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Orlet C B be the letfer ſegment given: if I make tliis a 


parallell chord of 36 gr, che correſpondent ſcrnidiameter 
2 Niall 
J 
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ſhall be greater ſegment AC, which added ro CB, gineth 
the whole line A B. 

To auoid doubling of lines or numbers,you may pvt ouer 
the whole line in the Sizes of 72 gr. and the parallel! fine of 
36 gr. ſhall be the greater pa. rae : 

r if you put ouer the whole line in the fines of 54 gr. 
che parallel line of 3ogr. ſhall be che greater ſegment, and 
the parallel] ſine of 18 gr.ſhall be che letler ſegment. 


CHAP. TIL 


Of the proieflion of the Sphere in Plano. 
"__— Sphere may be proiefted in Plexs in ſtreighit lines, 


as in the Analemma, if the ſemidiameter of the circle 
given bediuided in ſuch ſort asthe line of Swmes on the Se- 
Qtor. 

Asifthe Radius of the circle giuen were A F, the circle 
rhereon deſcribed may repreſent the plane of the generall 
meridian, which diuided into foure equal parts in E,P,v/F,S, 
and crolled at right angles with E and PS, the diamece1 
E & hall repreſent the equar_s and P S the circle of the 
houre of 6. Andit 1s alſo the axis of the world, wherein P 
ſtandsfor the North pole', and & for the South pole . Ther 
may each quarter of the meridian be diuidedinto go gr. tom 
the equator cowards the poles. In which if we number 2; g-. 
30 w.the preateſt declination of the Sun from E to 69 Nort!1- 
wards,from e/£ to W Sonthward, the line drawne from 69 16 
Ws ſhal be che ecliprique, and the lines drawne parallel! torh e 
equator throngh ® and yo ſhall be che tropiq ues, 

Hauing theſe common ſeions with the plane of the me- 
ridian,if we ſhall diuide each diamerer of rhe Ecliptique into 
go gr. in ſuch ſort as the Simes are diuided on the Seftor. The 
firit 30 gr. from A roward 69, ſhall ſtand forthe ſine of Y.Tl:c 
30g next following for &.The reſt for I. $5. MN. &c. in theis 
order. So chat by theſe meanes we hauc the placr of the Sun 
for all cyugs of * years 


if 
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ASP 


If agame we diuide A P, AS, 1n che like ſorc, and ſer to 
the numbers 10. 20. zo. &c, vnto gogy. the lines drawne 
through each of theſe degrees parallell ro the equator, ſhall 
thew þ e declination of the Sunne,andrepreſent che parallels 
of latitude. 

If farther we diuide A F, Ae, and his parallels in the 
like ſort, and then carefully draw a line through each 1g gr. 
jo as it makes no angles; the lines ſo drawne ſhall be elliptical 


and zepreſerm the hourc-circles, The meridian PES the 
x hourc 
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houre of 12 at noone; that next vnto it drawne through 
75 gr. from the center the hourcs of 11 and 1, that whic | is 
drawne through G6o gr. from the center the houres of 10 and 
3; NC. 

Then hauing reſpect vneo the latitude, we may number it 
from E Northward vnto Z, and thereplace the zenith : by 
which andthe center the line drawne Z AX ſhall repreſene 
the verticall circle , paſſing through the zenith and nadir 
Faſt and Weſt,and the line MA H crofling Itac right angles 
ſhall repretent the horizon, 

Theſe two berng diuided in the ſame ſort as the ecliptique 
and the cquator, # Þ Ine drawne chrough each degree of the 
ſemnidiametcr eA Z, parallell ro the horizon, ſhall be the cir- 
cles of altitude , and the diuitions 1n the horizon and his pa- 
rallels ſhall giuc the azimuth, 

Laſtly, 1i chrough 18 gr. in A N, be drawne a right line 
TX parallell co the horizon, 1t ſhall ſhew the eyme when the 
day Cakekmd the end of the twilight. 

For «xample of this protection, ler tlic place of che Sunne 
be the laſt degree of 5, the parallell palling through this place 
is LD, and therefore the meridian altitude Ml L., and the de- 

rcſſhon below the horizon at midnight # D: the ſemiditir- 
nall arke LC, the ſeminotturnall arke CD, the declination 
AB, the aſcentionall diftcrence BC, the amplitude of aſccn- 
on AC. The difference betweene the ad of rilght and 
the day breake 1s very ſmall; for it ſecmes the parallell of the 
Sunne doth hardly crotTe the line of twilight. 

It the altitude of the Sunne be giuen,let a line be drawiic 
for it parallell ro the horizon; lo it thall crotle the parallell of 
the Sunne, and there ſhew both the azimuth and the hourc 
ef the day. As if the place of theSunne being giuen as be- 
fore,the altitude in the morning were found to be 20 gr. the 
line F 6G drawne parallel! tothe horizon through 20 gr. i1; 
AZ, would ctolle the parallell of the Sunnc' in 0. Where 
fore FO ſheweth the azimuth,& L © the quantitic of houre- 
from the meridian. It ſeemes to be about halte an houre 
paſt G in the morning , and yerymore then halte a point 
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thore of the Eaſt. 
The diſtance of two places may be alſo ſhewed by this pro- 
ietion,their Jatirudes being knowne,and their ditterence of 


longitude. 
For ſuppoſe a -” in the Eaſt of Arabia, hauing 2ogr.of 


North latitude, whoſe difference of longitude from London 


15 found by an ccliple cobe 5 ho.;. Let Z be the zenith of 


London , the parallell of latitude for that other place muſt 
be L D, in which the difference of longitude is L ©.Where- 
tore O repreſenting the lite of that place, I drawthrough 9 
a par4]lell ro che horizon 1 H, croſſing the verticall AZ 
neare about 7ogr. from the zenith , which multiplied by 
20, ſheweth the diſtance of London, and chat place to be 
1490 leagues. Or multiplied by 60,to be 4200 mules. 


2 The Sphere may be proieted in plano by circular lines, 
a5 in the generall aſtrolabe of Gemma Friſino, by the help of 
che eangent onthe ide of the SeQor. 

For let the circle giuen repreſent the plane of the generall 
meridian as before; ler it be diuided into foure parts, and 
crolled at right angles with Ee/E the equator, and PS the 
circle of he von ot 6, whercin P ſtands for the North poles 
and S for the South pole. Ler each quarter of the meridian 
be diuided into gogr. and ſothe whole 1nro 360, beginning 
from P,and fctting tothe numbers of 10,20,30.&c.90 ate, 
180 art $,270 at E, 36o at P. The ſemidiameters AP, Act, 
AS, A E,may be divided according to the rangents of halte 
theirarkes,thar is a tangent of 45 gr. which 1s alwayes equall 
tothe Radius,ſhall piue che ſem1diameter of 9o gr; a tangent 
of 40 gy. ſhall arp; cy in the ſemidiameter: a tangent of 
35 gr.ſhall giue 70.&c, So thar the ſemidjamcters may be di- 
vided inſuch fort as the tangent on the lide of the Sector, 
the difference being onely in their numbers, 

Hauing dwided the circumference and the ſemidiame- 
»rs, we may calily draw the meridians and the parallels by 
the helpe of the Sector, 
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The mer:d1 ns arctobe drawne throve as borh rhe pole 
P 2nd S, and the degrees bctorc gragu ated in the equator, 
The diſtance of the center of cach meridian from A the cen 
cer of the plane, 15 equall tothe tangent of the ſame met 1- 
dian, reckoned from che generall meridian Pe-A'SF, and 
the ſemidiaineter cquall ro the ſecanr of the fame degree. 
As for example, it I ſhould draiy the meridian P B $,w Eich 
1sthetenth trom Pe/ZS, the tangent of 10 gr. giueth me 
AC, and the {ccanc ot 10 gr. giucth me S C,whereot C isthe 


center 
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center of the meridian P BS, and CS his ſemidiameter : 16 
AF atangent of 20 gr. ſheweth F to be the center of PDS, 
the ewentith meridian from Pe/ES, and AG a tangent of 
23 £7.30 M. ſheweth G to be the center of Þ 69 8, &c. 

The parallels are to be drawne through the degrees, in 
AP, AS, and their correſpondent degrees in the penerall 
meridian. The diſtance of the center of cach parallel] trom 4 
the center of the plane, is equallro the ſecanr of the ſame pa- 
rallell trom rhe pole, and che ſemidiameter cquall co the tan- 
gent of the ſame degree. As if I ſhould dravw che parallell of 
8o gr. which is the tenth from the pole F, firſt I open the 
compatlesynro A C'thie tangent of 10 gr, and chis giuech me 
the temudiameter of this parallel, whole center 1s a heele from 
S, 1n tuch diſtance as theſecantS C 15 longer chen che radius 
S A. 

The meridians and parallels being drawne, if we mfmber 
23 gr.30m. from E to 5 Northv, io trom -£ to WP South- 
ward, the line drawne trom 9 to W ſhall be the ecliptique : 
which being divided in fuch fort as the femidiameter 4 P, 
the firſt zo gr.trom A to & (hall Rand for the (ine of 4; the 
39gr.ncxr tollowing fort; the rett tor MT. S-., Ke. m they 
order. 

It tarcher we hane reſpect vnto the lannude ye may num- 
ber 1: trom E Nortyward vato Zand there place the zenith, 
by which and the center, the line drawne Z A 2 thall repre- 
jent rhe verticall circle, and the line 17 A crolling it at 
righe angles, ſhall repreſent the horizon ; and theſe diuided 
1 the ſame fort as FP, the circies drawne through cach 
degree of ghefeamidiamerer eFZ, parallell ro rhe horizon, 
(1,210 DC the Circle $ Of 1lritudeiand { [1C Cl! CICS Ora nc through 
Fe toron and his poles, thall giue the 2z1inuchis; 

[ or CXUMNPIC ot this pro.ection, let the PIaCC ot che Sunne 
bein the beg mtinng of =, the parallel] palung through this 
- 0 L andtherctore the meridian alurude 27 Land 


place |S >=+ 

the devicition bolove cage hori-on ar rdmght (Rt ie lemi- 
dir: UH arke L 9, the teninocturiall arke 0 i the delle 
nit 4 Ry tc ateenLonit!-Jifference: R ©, to an plt- 
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eude of aftenſion AO. 

Or if eA be put to repreſent the pole of the world, then 
ſhall P/ASE ftand for the equator, and P & FW for the 
ecliptique, and the reſt which before ſtood for meridians, 
may now ſerue for particular horizons', according to their 
ſ[cuerall cleuations. Then ſuppoſe the place of the Sunne gi- 
uento be 24 gr. of &, his longitude ſhall be PZ, his right at- 
cenfion P H, his declination H1, Andif the and ay be 
19 gr.of N,his longitude ſhal be PX,his right aſcenſion PN, 
his declination N K. Apaine,the declination brought tothe 
horizon of the place, ſhall there ſhery the aſcentionall diffe- 
rence, amplitude of aſcenſion, and the like concluſions of 
the globe. Bur I intend not here co ſhew the vſc of the A- 
ſtrolabe, but the vie of the Seor in projection. 

And after this maner may a noQuurnall be proieed ro 


ſhew the houre of the night, whereof I will ſer downe 4 
type for the vſe of Sca-men, 
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lr conlitts as you ſee of rwo parts, the one 15 a plane,diu;- 
ded <qually according to the 24 houres of the day, aud each 
houre into quarters or minutes, as the plane will beare: the 
line from the cgnter coXI I, ſtandsfor the meridian, and 
X I I {tands for the houre of 22 at midnight. The other pare 
i5 a rundle for ſuch ſtarres as are neare the North pole, toge- 
cher with the twelue moneths,and the dayes of each moneth 
ficted to the right aſcenſion of the ſtarres. Thoſe thar haue 
occalion ro ſee the South pole, may do the like for the Sou- 
therue conſtellations, and put them in a rundle on the back 
ot this plane, and {0 1r may ferue forall the world. 

The vic of chisnoGuurnall 1s ealie and ready. For looke vp 
ro the polc,and ice what ſtarres are neare the meridian,.then 
place { 26 rundle to the like lituation, fo the day of the mo- 
neth will thew the houre of che night. 


3 The Sphere may be protected in plans by circular lines, 
as in the particular Aſtrolabe of /oh.Stopblerin, by help of the 
rangent,3s betore. 

For let the circle giuen repreſent the rropique of Vp, ler it 
be diuided intofoure parts, and croſſed ar S.5 angles with 
AC the cquinoqQuall colure , and M B the folttitiall colure, 
and generall meridian , the center P TOY che pole 
of the world. Let each quarter be diuided into go gr. and {© 
che whole into 360, beginning from A cowards B, The me- 
ridian PA,or Þ B, may be diuided according to the tangent 
of halfe his arke. So asthe arke from the North pole to rhe 
eropique of Y, being 90 gr. and 2347.30 m. thitis113 or 
30m. and the halfc arke 56 gr.45 m. the meridian ſhall be di- 
nided into go gr. and 23 gr.3zo ms. in ſuch ſort as the tangenr 
of 56 gr.q5 m. on the lide of the Sector 15 diuided into de- 
prees and halfe degrees; of which Pe/E the arke of the cqua- 
cor 90 gr.from the polc,thall be ge by the tangent of 45 gr. 
And P 69the arke of the Sumner tropique 66 gr.zo m.trom 
the pole, ſhall be giuen by the tangent of 33 gr.15m. And 
the circles drawne vpon the center P through A and S,ſhall 
be the equator, andthe Summer tropique, 


Hanjng the cquator and both tha tropiques , the eclip- 
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cique V $ = V ſhall bedrawne from the one tropique to 
che other, through che interſection of che equator and the 
cquino(tall colure. And it may be diuided firſt into the 
twelue Signes after thismaner: PE thearkg of the pole of 
the ecliptique 23 gr. 30 ws. from the pole of the world, ſhall 
be giuen by the tangent of 11 gr. 45 mm. The center of the 
circle of longitude paſſing through this a E Y and =,ſhal 
be found at D (ſomewhat below B) by the tangent of 66 gy, 
30 mm. Then through D draw an occult Jine parallell co AC, 
and divide it on cach lide from D,in ſuch fort as the tangent 
1s diuided on the (ide of the Setor, allowing 45 gr. to be e- 

uallto DE. So the thirtith degree from D toward the 
right hand,ſhall be the center of the circle of longitude paſ- 
ſing through E& and, The (ixtith degree, the center of IL 
E x. Thethirtith degree from D coward the let hand, the 
center of X En, The lixtith,che center of 22: £5, And the 
other intermediate degrees jhal be the centers to diuide each 
Signe Into ZO gr. 

It farcher we haue reipect voto the laticude, we may (the 
meridian being betore diuided) number it from P Northyard 
wnto H, and : = place the North inter{e(tion of the meri- 
dian and horizon : then the complement of the latitude be- 
ing numbrcd trom P Southward vnto Z,ſhall there giue the 
zenith; and go gr.from Z SoutIward vnto F,ſhall there giue 
che South 1necricAion of the meridian and horizon. The 
middle berweene F and H ſhall be G the center of the hori- 
zonY A = F, palling through the beginning of Y and =, 
vnletle there be ſome former crror, 

All parallelsto the hori79n may be tound in like ſort by 
their intcrlections with the meridian, and the middle bc- 
eweenc thoſe interſection» 15 alwayes the center, 

The azimuths may be dravwne as the circles of Jonoitude 
were betore. For the centcr of the firſt verricall V Z = will 
bc toundat /(fomewhat ncarc vnto B)by the tangent of the 
lacicude, And if through I we draiy an occult line parallell to 
A C, and diuide jt on cach {ide trom I,in ſuch fort as the tau- 
gent zsdiuided on the lide of the Seftor,alloyying 45 gr. to be 


cquall 
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cquall to pZ; theſe dwitions ſhall be the centers, and clic 
diitance from theſe diuifions vato Z ſhall be the {cmudiame- 
rers whercon ro deſcribe che reſt of the azunnth;, 

For example of this proie@tion, let © the place of theSun 
giuen be 10'grof &: a righe line drawne trom P through this 
place vnto the equator, ſhall chere they Biyright aſcenſion 
YR, and his declination K ©, Then may we on the center P 
and {emidiamerer © P,dravy an occult ;-arallcll of declinatis, 


crolling the horizon 1 L and AM, thy mcridian in G and N. 
Io 


v. 


ceSct 


64 Of the proiettion of the Sphere. 

So the right lines P L and FM produced, ſhall ſhew the time 
of the Sunners riling and ſerting, V © the difference of aſ- 
cenſion, = R the difference of deſcenlion, Y Lthe amplitude 
of his riſing, and :&z Af the amplicude of his ſetting. LG M 
ſheweth the length of the day, LN AM the length of che 
night. Z G ſheweth his diſtance from the zenith ar noone, 
H N his depreſſion below the horizon at midnight, And then 
having the altitude of the Sunne at any time of the day, the 
interſeion of the eags of altitude with the parallell of 
declination, ſheweth the azimuth , anda right line drawne 
from Þ through this interſe&ti6, giveth che houre of the day. 


4 The Sphere may be proieQed in plans by circular lines, 
afcer the maner of the old concaue hemiſphere, by the help 
of che tangent on the ide of the SeQor. 

For let the circle given repreſent the plane of the hort- 
zon, let it be diuided into foure parts, and croſſed at righr 
angles with SN the meridian, and EY the verticall; ſo as $ 
may ſtand for the South, N forthe North, Z the Eaſt, V the 
Weſt part of the horizon, and the center Z repreſenteth the 
zenith. Let cach quarter of the horizon be diuided into 90 
gr. and fo the whole into 360 gr, beginning from N,andfet- 
ting tothe numbers of 10.20. 30.&c. go at E, i8@ at S, 270 
at Y, 360 at N. 

The ſemidiamerers Z N, Z $, may be diuided according 
co the tangent of halte their arkes:So as the arke from the zec- 
nith to the horizon being gogr. and the halte arke 45 gr. 
che ſemidiameters are to be diuided in ſuch fort as the tan- 
gent of 45 gr. as was ſhewed before in the ſecond projeGtion, 
And if from Z we draw circles through each of thele diuiij- 
ons,they ſhall be parallels of alricude. 

Then hauing reſpe& vnto the latitude, we may (the me- 
fidian being ws diuided) number it fromZ toesE, and 
there place the interſection of the meridian and equaror, 
The complement of the latitude from Z vnto P, ſhall there . 
gine the pole of the world, and go further from P ſhallthere 
give the other intexicion of the meridian and __— 

c 
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The riddle berrvocne thele nniertections nal be Agthe velw- 
ter of the equator,palhng through E and Yvnlette there be 
ſome tormer error. The mnrcrſections of the trop;ques de- 
pend on the equator, From» 23 gr. 30 w.tarcher jhal be 3y, 
the interſection of the meridian & the Southerne tropique. 
Frome 23 gr.30m.ncarcrlhall be the interſe*t:on ot the 


meridian and the Northerne tropique. The inter{ections of 


the other intermediar parallels, ſhall be g:ucn in like fort, by 
r}1cir degrees of diſtance from the equator, and the nudelle 
k 


. 
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betweene thoſe interſeQions is alwayes the center, 

The houre circles may be here drawne as the azimuths in 
the third proiection. Forthe centerof EP Y, the houre of 6 
will be found at B (ſomewhat neare vnto N) by the tangent 
of the latitude. And if through B we draw an occult line pa- 
raltellvnto EF; and diuide ir on cach ſide from B, in ſuch 
tort a5 the tangent is diuided on the lide of the SeQor,allow- 
ing 45 gr. to be equall to B P, and 15 gy. tor euery houre : 
thoſe diuifions ſhall be the centers, and the diſtance from 
theſe diuifions vnto P, ſhall be che ſemidiameters, vihereon 
ro delcribe the rett of the houre circles. 

The ecliptique may be drazvne as the equator. For fic 
center of that halte which hath Southerne declination, ſhall 
be giuen by the rangeur ot the altitude, which che Sun hach 
tn his encrance into W, And the center of the other halte, by 
che tangent of [1s altitude,ac hiventrance into S,Andit muy 
be diuided,as in the tormer protection, or clle by rables cat- 
culated to that purpoſe. 

To thele circles thus drawne, it we ſhall adde the moneth- 
of the yeare, and the dayes of each moneth , as we may well 
doc, at the horizon, on either {ide betiweene the tropiques; 
this proiection ſhall be fitted tor the molt vſetull conclulion: 
.ot thc globe. 

For the day of the moneth being giuen, the parallell chat 
ſhooteth on 1t, doth ſhew whar declination the Sunne hath 
at that time of the yeare, And where this parallell crofleth 
che ecliptique, there is the place of the Sunne. Or the place 
of the Sunne being firſt gruen,theparallell which crotleth ic 
ſhall at the horizon ſhew the day of the moneth . Either of 
theſe then being giuen,or onely the parallell of declination, 
we may follow it firſt vnto the horizon , there the diſtance 
of the end of the parallel] trom & or 7, ſheweth che ampli- 
rude ; the ſame among the houre circles ſheweth the rune 
when the Sunne riſeth or ſetrteth. Then hauing the altituds 
of the Sunne at any time of the day, the interſeQion of the 
parallel] of declination with the parallell of altitude, ſheweth 
the houre of the day; and a right line draywne from Z 

chroug!: 
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through this incerſeion to the horizon, giveth the 4-1- 
murh, 

Thus m either of theſe proieions, that which is orther- 
viſe moſt troubleſome,1s ealily done by the help of the ran- 
gent line: and what | hauc {aid of chis line, the ſame may be | 
wrought by ſcale and numbers out of the table of Tangents. | 


CHAP. IV. 
Of the reſolution of right-line Trianzles. 


mo —— ww - 


Þ all Triangles chere being ſix parts, viz. three angles and 
I chree [ides, any three of them being giuen, the reſt may | 
be tound by the Ser, 


As tn 4 Rectangle triangle, 
I ſo finde thebaſe , both ſides betw7 giuen, 


Let the Se&or be opened in the lines of Lanes to a righir 
angle, (as before 1y.as ſhewed Cap.2. Prop.7.) then take out 
the {ides of thettiangle, and Jay them,one on one line, the 
other on the other line, ſo as they meete in the center , and 
marke how tarre they extend. F or the hte taken trom the 
rermes of their extenlion,ſhall be the bale required, vie. thic 
{1de oppolite to the right angle, 

Or adde the ſquares of rhic t:yo {ides(a5 in Prop,4 Super.” 
'1dthelide of the compound ſquare fhali be che bole, 


—— 


= OI 


2 Tofind the baſe by hazing theanz!e:, 
and one of the (ides giuen. 


cect 


iake the ſide ginch, and turne it into the parallel] tine of 


115 oppolite angie; tothe parallel Radius thall be the bale. 
3 To finda ſide by hauing the baſe, 
and the other ſide ginen. 


Let the Sector be opencd 1n the lines of /ines to 2 righe 
| K 2 angle, 


- = -- 
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angle, and the [ide ginen laid on one of thoſe lines from 
the center; then take the baſe with apaire of compalles, and 
tetting one toore 1n the rerme of the giuen lide, turne the 
other to the other linc of the Sector, and it {hall there {hey 
the ſide required, | 

Or take the ſquare of the ſide out of the ſquare of the baſc 
(as 11 Prop.q. Swperf.) and the lide of the remaining ſquare 
ſhall be the lide required, 


4 To find a ſide hawing the baſe 
and theanples giuen, 


T ake thc baſe giuen, and make it a parallel Radius, fo 
the parallell fzes of the angles,thall be che eppolite lides re- 
uircd. 


5 Tofind aſide by hawing the other ſide 


and th: angles ginen, 


Take the ſide givcn, and rurne it into Tis parallel} fre of 
hi+oppoliteangle ; ſo the parallel fe of the complement 
(all be the ſide required, 


6 To find the angles by hauing the baſe 
and one of the ſiaes ginen. 


Firſt take out the bale giuen, and laying it on both (ide: 
of the Sector, ſo asthey may mecte in the center, and marks 
how farrc it extendeth . Then take our the larerall Radius, 
and to it open theSeQor in the terines of the baſe. This 
done, take out the fide gruen, and place 1t alto on rhe ſame 
lines ot the Sector from the center, For the parallel] talker, 
in the termes of this ide, ſhall be the line of [1s oppotite 
angle. 

Or eake the baſe gen , and make it a parallel] Radins; 
then take che tide gmen, andcarrie it parallc!l to the baſe, 
till ir ſtay 1n like Snes 3 ſo they thall gre the quanritie of 

the 
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the oppolice angle, 


7 To finac the anzles by haning both the 
ſides grnen, 


Fake out the greater fide, and lay it on both (ides of the 
Sector, {0 as they mieete in the center, and marke how farre 
1: extendeth,Then cake the other (ide,and to it open the Se- 
ctor 1n the termes of the greater (ide; lo the parallell Radius 
l:all beche tangent of the leiſer angle. The ir angle 1s al- 
vayes knowne by the complement. 


3 The Rudiths being giuen,to find the tangent, 
and [ecant of any arke. 
9 The tangent of any arke being ginen,to find 
the tangent thereof, and the Radius. 
Io The ſecant of any arke berng gines, to fiud 
the tangent thereof,aud the Radius. 


The rangent,and the ſecant, together with the Radius of 
eucry arke,do make a right angle triangle; whoſe tides are 
the Radius and taugent, and the bale aliwayes the ſecant; and 
the angles alwayes knowne by reaſon of the giucn arkes. 
Wheretore the {olution is the [ame with thoſe before. 


In any rieht-lined triangle whut[ocucy, 
Ii To fiwad ſide by knowing the other two ſides, 
and the angle comtainid by them, 


L.et the Settor be opened in the lines of Les to the angle 
en, then take out the tides of the triatigle,& laying them 
Fe one on the one line, the other on the other, 1{o as they 
meete 1n the center, make how far rhey extend, For the linc 
taken betwecne the terincs of cher exreniion , ſhall be che 
third ſide required. 
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12 To find « [ile oy having the other two ſides, 
and one of the adiacent angles, ſoit be 
knowne which of the ther angles 
is «ute or oblique. 


tet the Seftor be opened in the lines of /ines to the ang): 
gwen,and the adiacenr fide layd on one of thole lines fron) 
the cenzecr; then rake the other fide with a paire of compal- 
'cs, and ſetting one foore mm the terme of the former given 
{ide,rurncthe other to the ocher line of the Sefor which here 
repr.fenteth the ſide required, and it ſhall crotle it in two 
places;but with which of chem 1s the terme of the lide requi- 
red, muſt be judged by the angle, 

As if in thetrianglefollowing, the ſide A C being giuen, 
and the ſide CD andthe angle C AD 18 gr. 40 mw. it were re- 
quired ro find thefide AD. 

Firſt I open the Sector in the lines of limes to an angle 
18 gr.qo m,and laying the adiacent ſide from the center A 
it extendeth to Boo in C.Then I takethe other fide CD witl 
the compalles,and ſetting onefoote in C,and turning the 0 
ther to the other line of the Sefor, I find chat it doth croile 
it both in B and D; ſo that it is vncertaine whither the ſide 
required be AB or AD, onely it may be iudged by the an- 
vl-,Forifthe inward angle where they crotle be obtuſe, the 


x 


!1de required 1+ the lefler; if it be acute,it 1s the greater. 


13 To find 4 ſide by haning the awples 
and one of the other ſides giuen. 


Take the fide gtuen, and turne it into the parallel! ſine of 
in<oppolitc angle; fo rhe parallell fines of the other angle 
all be che oppoſite (ide< required. 
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14 To find the proportion of the ſides 
by hawing the three angles. 


T ake the laterall ſines of the angles, and meaſure them 111 
the line of /mes. For the numbers belonging to thole lines 
do giue the proportion of the ſides. 


15 To fende en angle by knowing the 
three ſides. 


Let the two containing ſides be layd on che lines of the 
Seftor from the center, one on one line,and the other on the 
others and let the third fide, which is oppoſite to the angle 
required, be fitted ouer in their termes: lo ſhall the Seltor bc 
opened in thoſe lines to the quanririe of the angle required. 

The quantitic of this angle 1s found as in Cap.2. Prop.s. 


16 Tofinde an angle by bauing two ſides 
and one adiacent angle. 


Eiit take out the ſide oppoſite to the angle gruen, and 
laying it on both ſides of che Sector, fo as they meere in the 
center,marke how tarre it extendeth; then cake our the late- 
rall ſine of che angle, and to it open the SeQor in the termc- 
ot the firſt fide: this done, take out the other ſide giuen,and 
place it allo on the ſame lines of the Seor from . center, 
tor the parallels raken in the termes of this lide , ſhall be the 
ſine of the angle oppolite to the ſecond (ide. 

Or take out the Fe oppoliteto the angle giuen,and make 
1: a parallell ſine of that angle;then take the other fide giuen 
ind carrie it parallel! co the former, till ir ſtay 111 like fines: 
io they ſhall give the quantitic of che angle oppoſite to thc 


econd fide, 
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17 Tofindeananzle by haging two ſides, 
and the anzle contained by them. 


E:rſt tind the third ſide by the 11.Prop, and then the an- 
gles may be found by the 15.or 16.Prop. 

For practiſe in each of theſe caſes, we may vſc the exam- 
ples following, wheremCE A,CEB,CED arereQtangle 
in E;the reſt conſiſt of oblique angles, 


CAB 18pr. 40m. 
ABC 126 x52 
ACB 34 28 
ACD 108 12 
ADC 5$3 8 
BCD 73; 44 


WC ILL 


For obſeruation of angles, the Seftor may have ſights ſec 
5n the moucable toote ; ſo that by looking through them, 
the edges of the Sector may be applied to the fides of the 
wple, 


For 
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For meaſuring of the ſides of lefer trt- 
angles, any ſcale may lufhcecither of feere, 
or inches, or leller parts, But tor greater tri- 
angles, eſpecially tor plotting of grounds, 
hold it fit to vie a chaine of foure perches 
in length, druided into an hundred links. 
For ſo the lengch being multiplied jnto 
the bredth, che fiuc laſt figures giue the 
conrent in roods and perches by this Tablc; 
the other figures toward the lett hand, doc 
ſhew the number of acres direQly, 
Asifin the former twagle ACD,the length 
AD be 9 chaines and 50 links, the breth 
CE be 2 chaines and F6 links ; theſe mu]- 
tiplicd giue the content for the long ſquare 
2. 43200, the halfe whereof for the triangle 
15 1.21600, that js x acre, 216600 parts of 
100000, of which laſt fue figures, 20000 
ge 32 perches, and the remainder 1600 
piue better then tyo perches more, 


| 


—— 


"Links KF, 
OOO Ld 
—_ Z 24 
800co, 3 8; 
7000Q 2 32 
GoOcO 2 15 
5e000! 2 | o 
40000] 1 24 
20090] [33 
1000C 15 
9375] |'s 
8750] 14] 
8125 t3 
7500 [12] 
I 
6250| 16 
F625 9 
5000 8 
4375] 7 
_379-7-4 
3125] | $ 
2500] | 4 
1875] | 3 
I 250! | Z 
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TT" 2, Reſolution of ſPhericall Triangles 
| CHAP. V. 
Y Of the reſolution of ſpherical triangles. 


Þ2: our prattiſe in ſphericall triangles, let A be the equi- 
nodtiall point, AB an arke of che ecliptique repreſen- 
ring the longitude of the Sunne in the beginning of >, 
B C anarke of the declination from the Sunne to the cque- 
ror, and AC an arke of the equator repreſenting the right 


aſcenlion. 
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I Let BD bean arke of the horizon repreſenting the am- 

| plitude of the Sunnes riſing from the Eaft, and B E an arke 

of the herizon for his ſetting from the Weſt: ſo DC ſhall be 

the difference of aſcenſion, and C F the diff-rence of deſcen- 

ſi-n; AD the oblique aſcenſion, and AE the oblique de- 

4d ſcenſion of the ſame place of the Sunne in our latirude ar 

Oxford of 51 gr. 45 m. whoſe complement 38 gr. 15m. is 

the angle ar £ and D. The triangles ACB, DCB, ECB, 
are rcctanglein C: the other A D B, AE B,conſiſt cucry way | 
of oblique englcs. | 
Or 
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Or to fit an example nearer tothe latitude of Longer. Tet 
Z P S repreſent the zenith pole and Sun, Z P being 38gr. 
zo m.the complement of the latitude, P S po gr.che comple- 
ment of the declination,and Z $S 40gr. the complement of 
the Suns altitude. The angle at Z ſhall ſhew the azimuth, and 
cheangle at P,the houre of the day from the meridian. Then 
iffrom Z to PS we let downe a perpendicular Z R, we ſhall 
reduce the oblique triangle into two reQangle triangles 
ZRP,Z RS. Or if from Sto Z Þ welſct downe a perpen- 
dicular S 11, we ſhall reduce the ſameZ PS into two other 
triangles, S122, S MP, reAangle at EM: whatſoeucr is fa1d 
of any of theſe triangles, the fame hoJdeth tor all ocher tri- 
angles im the like caſes. 

For ther: (olution of each of theſe,there be ſeveral wiyes. 
I onely chu.c thoſe which arc firtcſt for the Seffor, wherczn 
if that be rcmi(mbred which before is ſhewed in thc venerall 
vie of the Settor concerning laterall and parallell entrance, 
It may ſuffce oncly to ſet downe the proportion of th: three 
parts giuen to the fourth required, and lo I ſhew firlt by the 
lines alone, 
I. 2 In 
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In a rettangle triangle 


1 To fiade 4 ſide by knowing the baſe, and the 
angle oppoſite to the required /iae. 


As-the Radius 
15to the ſine of the baſc: 
So the ſine of the oppoſite angle 
ro the ſine of the [ide required. 


Asin thereQangle AC B,hauing the baſe AB, the place 
ef the Sunne 30 gr.trom the equinoctall point, and the an- 
gleBAC of 23 gr.z30 mn. the greateſt declination, if it were 
required ro find the lide Þ C the declination of the Sunne. 

Take cither the laterall line of 23 gr.30w. and make it a 
parallell Radius; ſo the parallell fine of 3o gr.caken and mea- 
ſured in the {ide of the Sector, ſhall ge the ſide required 
1197.30 w. Ortake the ſine of zo gr.and make it a paralle!l 
Radius;ſothe parallell fine of 23 gr.zom.taken and mealured 
in the laterall lines, ſhall be 1x gy. 3o wv. as before. 

So in the triangle ZP $ hauimg 7 P 38 gr. 3om, and the 
angle P 31 gr.34mm.giucn, we ſhall find the perpendicular 
ZR to be 19 gr.1m9; or having PS 70 gr. and the ſaid 
angle P 31gr.34”9.gincn,wec may finde the perpendicular 
SM co bezg gr.28 mm. 


2 To findea (ide by knowing the baſe 
and the other (ide. 


As the line of the complement of the fide giuen 
15sto the Radws: 
So the (inc ofthe complement of the baſe 
ro the ſine of the complement of the lide required. 


Son the reQangle A C —_— AB 3ogr.andBC rt gr. 
30 m.giuen, the ſide eF C will be found 27 gr. 54 m. 


Or in the retangle Z R P, having Z P 38 gr.30 m.andZ R 
29 gr.l m.giucn, the ſide R P will be found 34 gr.7 as. 
We 3 To 
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3 To finda (ids by knowing the two 
oblique angles. 


; Astheline of cicher angle 
rothe line of the complengent of the other angle: 
So is the Radius 
to the ſine of the complement of the (ide oppoſite 
to the ſecond angle. 


Soin the retangle AC B,hauing CA B for the firlt angle 
28 egr.z3om.and ABC for the ſecond 69 gr.21 m.thelide A C 
will be found 27 gr.54m. Or making A B C the frlt angle, 
andC AB theſccond, thelide BC will be found 11 gr.zo m. 


4 To finae the baſe by knoying both the ſides. 


As the Radius 
tothe linc of the complement of the one lide: 
So the line of the complement of the other ſide, 
co the line of the complement of the baſe required. 


Soin the reQtangle A CBhaning AC 27 gr.54m.and BC 
11 gr.30m. the baic A B will be found go gr. 


5 To findethe baſe by knowinz the one (ide, and the 
ang!e oppoſice t that ſide. 


As the fine of the angle ginen, 
rothe ſine of the fide giuen ; 
So 1s the Radins 
ro the line of the baſe required. 


Soin thereQangle Þ C D, knowing the latitude and the 
declination, we may find te amplitude; as hauino B C che 
fide of the declin2r'0'1 11gr. 3o mv. and B DC che angle of 
the complement of the Jacitude 33gr.15. the baje BD 
which .s che amplicude,will be foundco be 18 25. 47 7. 
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6 To find an angle by the other ___ angle, andthe 


ſide oppoſite to the inquire 


As the Radius 
co the line of the complement of the (ide: 
So the ſine of the angle giuen, 
co the line of the complement of the angle required. 


Soin the rectangle A C B, hauing theangle BAC2 3 gr. 
30m.andthelide A C 27gr. 54m. the angle ABC will be 
tound 69 gr. 21m. 


anele, 


7 To finde an angle by the other oblique angle, 
and the ſide oppoſite to the angle ginen, 


As the fine of the complement of the ſide 

to the fide of the complement of the angle giuen: 
So is the Radius 

co the ine of the angle required. 


Sointhere&angle A C B, hauing BA C 23 gr.30m. and 
BC 11gr.30m.the angle AB Cwill be found 69 gr.21 m, 


8 To finde an angle by the baſe,andihe ſide 
oppoſite to the inquired angle. 


Asthe ſine of the baſe 
is to the Radius: 
So the ſine of the {ide 
to the {ine of the angle requared. 


So in therefangle B CD, hauing BD 18 gr, 479m. and 
BC 11gr.30m. theangle BD Cwill be fond 38gr.15 mw. 

Theſe cight Propoſitions haue been wrought by the ſines 
alone; thoſe which follow require ioynt help of the rangene. 

And foraſmuch as the ta»gent could nor well beextended 
beyond 63 gr.30 mw. I ſhall ſet downe two wayes for the reſo- 
om of cach Propoſition; if the one will nothold , the o- 
ther may. 


9 To 


—_ RE ERC; 
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9 To finde « ſide by having the other ſide, and the 
angle oppoſite to the inquired ſine. 


3 As the Radius | 
to che ſine of the (ide giuen: 
So the cangent of the angle, 
ro the tangent of the {1de required. 


2 Asthe ſine of the ſide giuen, 
is rothe Radius: 
So the tangent of the complement of the angle, 
ro the tangent of the complement of the 11de required. 


So in thereAangle ACB,hauing the right ſide AC 27 gr, 
54”, andtheangt BAC 23 gr.zom. theſide B C will be 
found co be 11 gy.30 ww. 


10 To find aſide.by having the other [ide,and the 
angle adracent next 8 the inquired ſide. 


r Asthetangent of the angle, 
to the tangent of the {1de giuen; 
So is the ogy 
co the {inc of the ſide required, 


2 Asthe tangent of the complement of the ſide, 
ro the rangent of the complement of the angle: 


So is the Radius 
to the {ine of the (ide required. 


Tis andthe like, where the tangent ftandeth in the firſt 
place, are beſt wrought by paralle!! entrance. And ſo 
in the retangle BC D, hau:ng B C the 1ide oi declination 
Ir 2r.;30m.and BD Ctheangleof the complemunt of the 
Ixcude 3$gy.15 m. the [ide D C, which is the aſcentionall 
ditf:rence,will be 1ound 14 gr.5 7 m. 

B the aſcenſionall diff:rence is giuen the time of che 
Sunacs rifing and ſetting, and he of the day; allow. n: 


an 


— —_— — — 


— 


—", 


cect 


WY 4. go Reſolation of ſphtricall triewgler, 


an houre for cach 15 gr. and 4 minutes of time for each fe: 


SY ucrall degree. As in the example the difference berweene 
'F the Sunncs aſcenſion ina right (phere, which is alwayes ar 
þ 6 of the clocke,and his aſcenſion in our latitude being 14 gy, 


57m. itſheweth thar the Sunne riſeth very neare an houre 
before 6, becauſe of the Northerne declination; or after 6, it 
the Sunne be declining to the Southward, 


11 To finde a fide by knowing thebaſe, and the 
a. angle adiacent next tothe inquired ſide, 


4 ®: s As the Radius 
% 2 cothe {ine of the complement of the angle: 
So isthe rangent of the baſe, ; 

co the tangent ot the {ide required. 


2 As the ſine of the complement: of the angle 
[f 1 isro the Radius: 
So the tangent of the complement of che baſe, 
ro the tangent of the complement of the ſide required, 


So inthe reQangle A C B, knowing the place of the Sun 
} from the next equinoQuall point, and the angle of his grea- 
reſt declination, we may find his right aſcenſion : viz. the 


| baſe A B 3ogr. andthe angle BAC 23 gr.30m.being giuen, 
| . the right aſcenſion A C will be found 27 gr.54m. 

\\ 12 To finae the baſe by knowing the 

Ef oblique anzles. 


As the tangent of the one angle, 
if co the tangent of the complement of the other angle: 
f ( So 15 the Radius 
ro the {ine of the complement of the baſe. 


Il: Sp in thereftangle A C B,hauing BA C 23 gr.30m. and 
ABC G9 gr.21m.thc baſc A B will be tound 3o gr, 
I3 Ty 
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13 To findethe baſe,by one of the ſides,qud the 
augle adiacent next that ſide, 


x As the Radius 
isto the line of the complement of the angle: 
So the tangent of che complement of thelide, 
ro thetangenr of the complement of the baſe. 


2 Astheſine of the complement of ctheanple 
15 to the Radius: 
So the tangent of the (ide giuen, 
co the tangent of the bale required. 


So inthe retangle ACF, having AC 27 g-.54m. aud 
B AC 23 pr.z0m.the baſe A B will be found 30 gr.o w. 


14 To find an angle,by knowing both the ſides. 


: As the Radius 
_ 15to the line of the lide next the inquired angle: 
So the tangent of che complement of the oppolite lide, 
co the tangent of the complement of the anglercquned. 


2 Ascheſine of the ſide next the inquired angle, 
1s ro the Radius: 
So the tangent of the oppoſite ſide, 
co the tangent of the angle required. 


Soin the retangle A C B, having AC 27 gr.54 mw. ad 
BC 11 gr.z0m. the angle at A will be found 23 gr.zomand 
the angleat B 69 gr.21m, 


I5 Tofinde au angle, by the baſe, and the fide 
adiacent 10 the inquired angle. 


t As the tangent of the complement of the\ſide, 
co the tangent of the complement of the baſc : 
| M 


So 
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So 1sthe Radius 
to the fine of che complement of the angle required. 


z As the tangent of the baſe, 
ro the tangent of the (ide: 
So isthe bes, 
co the line of the complement of the angle required. 


Soin the reQtangle BCD,hauing the baſe BD 18 gr.q47 ww. 
and the ſide BC 11 gr. 30m,the angle D B C between them 


will be found 53 gr.15 mm. 


16 To findan angle by knowing the other 
oblrque angle,and the baſe. 


3 Asthe Radius, 
co the line of the complement of the baſe: 
So the rangent of the angle giuen, 
to the tangent of the complement of the angle required, 


2 Asthelineof the complement of the baſe, 
is to the Radius: 
So the tangent of the complement of rhe angle giuen, 
eco the tangent of the angle required, 


So inthe reangle A C B, hauing the angle at A 23 gr, 
30m. andthe baſe AB 3ogr. theangle A B E will be foun 
G69 gr.21 m2. 

Theſe ſixteen caſes are all that can fall out in a reQanglc 
triangle: thoſe which follow do hold 


In any ſþhericall triangle whatſoeuer 


i7 To find « ſide oppoſite to aw angle ginenby knowing 
one fide, and two angles, whereof one i op. 
Pofite to the ginen ſide,the other 
80 the ſide required, 


AS 
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As the ſine of the angle oppoſite tothe lide giuen, 
1s to the line of that lide giuen : 

So the fine of the angle oppolite to the fide required, 
co the line of the fide required. 


So in the triangle A B E, having the place of the Sunne, 
che latitude,and the greateſt declination, we may finde the 
amplicude, As hauing A B 3ogr.BAE 23 gr.zo m.and AEB 
38 gr. 15 wo. che fide BE which is the amplitude, will be 
found 18 gr. 47 m. 


18 Tofiade an angle oppoſite to # ſide ginen,by haning 
one anzle and two [iles, the one oppoſite to 
tle eiuen a» gle, the other to 
the arg erequired. 


As the (ine of the ſide oppoſite ro the angle giuen, 
15 rothe line of that angle giuen: 

So the line ot the ſide oppolite to the angle required, 
to the line of the angle required. 


So in the triangle Z PS, hauing the azimuth , and lati- 
tude, and declination, we may find che houre of the day. As 
hauing PZS 130gr. 3m. PS 7Jogr.andZ S 4ogr. the an- 
gle Z PS, which ſhewech che houre frum the meridian ſhall 
be found 31 gr. 34 ws. 


19 To find an angle Ly knoxing the three ſides. 
This propoſition is moſt vſefull, but moſt difficult of all 


others: 3s in Arithmertique,ſo by the Sefor, yet may it be per- 
tormed ſeuerall waycs; 


x According to Regiomontanus and others. 


Asthe fine of the leffer ſide next the angle required, 
ro the diffcrence of the verſed lines of the baſe and diffe- 
So is the Radius (rence of the ſides: 
co a fourch proportionall, 


M 2 Then 


ATA: 
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Then as the fine of the greater (ide next the angle required 
is to that fourth proportionall z 

So 15 the Radius 
co the verſed line of the angle required. 


So in the triangle Z PS,hauing the ſide P $,the coplemenr 
of che declination 70 gr.o mm. the [ide Z P the complement of 
che latitude 3$ gr.30 m9. and the baſe Z $ the complement of 
the alcitude 40 gr.the angle of the houre of the day ZPS will 
be found 31 gr.34 m., which 1s 2 6.6 m.. from the meridian. 

For the bale being 4o gr.o m.and the difference of the ſides 
38 gr.zo m. and7o0gr.om,. being 31gr. z0m.the difference of 
their verſcd lines wil be the ſante with the diſtance between 
theright line of 5ogr. and 58 gr. 30m. Thisdiffercnce I take 
our, and »1ake it a parallell ſine of the letTer (ide 38 gr. 30 m. 
fo the parallcll Radius wil be the fourth proportionall. Then 
coming to the ſecond operation, I make this fourth propor- 
r1onall,a parallel (ine of the greater ide of 50 gr.o,and take 
out J11s paralleli Radius. For this meaſurcd trom go gr.toward 
che centcr,uwill bc the verſcdline of 31 gr.34m. 

In the like fort in che ſame trianvieZ P S,hauing the ſame 
complements gen, theangle PZS which 1s the azimuth 
trom the North parr of the meridiai, will be found 130 gy. 
3 m.Forherc the ba{c oppoſite to the angle required being 
70 gr. and the ditterence of che lides 38pr. 30m. and 4o gr. 
being 1 gr.zo m. tie ditference of their verſed lines will be 
the ſame with the diſtance beeweene the right lines of 20 gr, 
and 88 gr.z0 m. This citerence I take,and make it a parallel 
lineof che letler tide 38 gr.zom. lo the parallell Radius will 
be the tour: proport:onall, Then coming to the ſecond 0- 
peration, { make tn!s fourth proportionatt a parallel] line of 
the greazer tide 4o o7. and take out his paralle!] Radius, For 
thi>meaturcd tran go gy. beyond the center in the lincs of 
fimes iirerciied torch ar their tull lengeh , will be the verſed 
lincoi1i30gr.3 72. 


2 I may tinde an angle by Knowing tirec [;des,by that 
which I hauc cl! here demonſtrated vpon Barth. Pitiſcas, 
and 


g_ 
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and chat at one operation in this maner. 


As the ſine of the greater ſide 
15 to the lecant of the _—_— of the other fide: 


So the difference of ſincs of che complement of the baſe, 
and the arke compounded of the leiler ſide wich the 
complement of the greater, 

rothe verſed ſine of the angle required. 


So in theſametriangle Z PF, -hauing the ſame comple- 
ments giuen, the an b P,wlrnch ſheweth the houre from 
the meridian, will be Grind as before 31 gr.34 m. 

For rheſides being 38gy.30w.and 50 gr.om.lT take the ſe- 
cant of the complement of 38 gr.3zow, and make it a paral- 
Icll fine of 7o gr; then keeping the Seor at this angle, I 
conſider that the complement of 70 gr. being 20 gr. added 
vnto 38 gr.zow.the compounded fide ( which 1s here the 
meridian alticude) will be 58-gr.3o m; and that the baſe be- 
ing 4Ogr. the difference of {incs of the compounded fide 
andthe complement of che baſe will be (as betore) the di- 
tance berweene the (ines of 50 gr. and 58.0y.30 w. Where- 


fore I take vue this difference, and lay it on both the lines ot 
ſmes irom the center: ſo the parallell taken in the termes ot 


chis dittercence,and meaſured from 9go-gr. toward tie ccuter, 
doth giuc the verſed fine of 31 gr.34 m2. 

Theotheranol + P ZS, Þ SL, may be tound in xiit taine 
ſort; but hamns the ſides and one anvle, it will be to0: or 
done by tnat wwihich weſkewed before inthe 18. Prep. 


20 Te find aſide by knowing the three anz!c;. 


If forthe greater angle we take his complement t©180 gr. 


the angics ſhall be turned jpto (ides, and the lides into ati 


les,& the.operartion ſhall be the lame, as in the former Prep. 


21 To findea ſide, byhawine the other two /ides, 
aud the angle comprehended. 


This propoſition being the conuerle of rhe nineteenth, 
M- 2 n:ay 
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may be wrought accordingly z bur the beſt way both for ic 
and thoſe which follow, is co reſolue them inco two rean« 

les,by lecrting downe a perpendicular, as was ſhewed un the 
an Prop. 

So in the triangle Z? $, hauing Z P the complement of 
the latitude, and PS the complement of the declination, 
with Z PS che angle of the houre from the meridian , we 
may findZ $ the complement of che altitude of the Sunne, 

For hauing ler downe the perpendicular Z R by the firſt 
Prop. we hauc two nR_—_ ZRP,ZRS, both rectangle 
ae R, Then may we find the lide PR, either by che ſecond,or 
tenth,or cleucnth Prep; which taken our of P $,leaucth the 
ſide RS: withthis R Sand ZR we may find the baſe Z $ by 
the fourth Prop. 

Or hauing ler downe the perpendicular $.1f,we haue two 
reangletriangles S MH Z,S 1 P.Then may we find M P, 
from which if we cake Z P, chere remainerth 2 Z: but with 
/AZ and S M,vie may find the baſe Z S. 


22 Tofinda fide,by hawivg the other two ſides, and one 
of the angles next the inquired /tde. | 


Soin the triangle Z P S, having Z P che complement of 
the latitude, and PS the complement of the x av ation, 
with P Z S the angle of the azimuth, we may finde Z S the 
complement of the altitude of the Sunne. 

For hauing Z P,and the angle at Z,we may to SZ produ- 
ced,letdowne a perpendicular P Y; Then we haue cwo re- 
Qangle triangles, P VZ, P VS, wherein if we find the ſides 
V Z,V S,and cake the one out ot the other,there will remain 


the (ide inquired ZS, 


23 To finda ſide,by haning one ſide,rnd the two 
angles next the inquired ſide. 


So in the triangle AB D,hauing AB the place of the ſun, 
and B AD the angle of the greateſt declination, and A D 8 
che 
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che angle of the equator with the horizon, we may find 4 D 
the oblique aſcention. | 
For hawing let downe B C the perpendicular of declina- 
tion,we haue two reangle triangles, ACB, DCB, Then 
may we find AC the right aſcention,and D C the aſcentio- 
nall difference ; and comparing the one with the other, 
thereremaineth A D. 


24 To find «ſide, by having two ang les,and the ſide 


Sncloſed by them. 


So in the triangle Z P S, having the angles at Z and P, 
with che (ide intercepted Z P, we may find the (ide P S. For 
hauing let downe the perpendicular P V, we have wo rc- 
QanglesP V Z, P VS.Then may we find the angle V P Z,et- 
by the ſcucnch,or fittcenth,or ſixteenth Prep, which added 
toZPS,makerh the angleVPS: withthisVP$S and PV, 
we may find the baſe PS,according to the 13 Prop, 


25 To find an angle by haning the other two angles 
and the [ide incleſed by them. | 


Soin thetriangleZPS, hauing the angles at Z and P, 
with the {ide intercepted Z P, we may finde the other angle 
Z SP.For hauing ler downe the perpendicular Z R,we haue 
ewo rectangles Z RP, ZR S. Then may we finde the angle 
PZR by the lixteenth Prop. and thar compared with 
PZS, leaueth che angle RZS: withthis RZS and Z R we 
may find the angle required Z S R, according to the lixch 


Prop. 


26 To finde an angleby haning the other two awgles, 
and one of the ſides next the inquired angle. 


Son the triangle A B D, having the angles at Aand D, 
with the ſide A B,we may find the angle A  D. For hauing 
ler downe the perpendicular BC, we hauc two reQangles, 


ACE, 


—_ 
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ACB,DCB. Then may we find the angles ABC, DBC, 
andrake D B C out of A B Cyfor ſo thereremaineth the an- 
gle required ABD, | 


27 To finde aw angle,by knowing two ſjdes,an! 
the anele contained by them, 


So in the triangle Z PS, having the (ſides ZP, PS, with 
the angle comprehended Z P S,we may find the angle PZS, 
For hauing ler downe the (2, mage SM, wehauerwo 
retangles SMZ, $ MP. Then may we find thefide MP, 
and taking Z P out.of MP, there remaineth M Z: with this 
M Z ke rpendicular FS, we may hnde the angle 
MZ S,by the fourteenth Prop. This angle M ZS,taken out of 
180 gr. there remaineth PZ. 


23 To find an angle bykuowing the two ſides next it, 
andone of the other angles. 


So in the triangle 2 P S, having the ſides ZP and PS, 
with the angle P £ S, we may find the angle Z PS. For ha- 
uing let downe the perpendicular PY, Ne, avg two retan- 
ples P VZ,P VS.Then may we find the angles V PZ,V PS; 
and taking V PZ ont of V P S,there remaincth ZP $,which 
was required. 

Theſe 28 caſes are all that can fall ont in any ſpherical 
trianpic: if any do not preſently vnderſtand them, letthem 


once more reade ouer the vſe of. the globes, andthey ſhall. 
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The wſe of the Meritlian line, 8 
CHAP. VI. 


Of the ſe of the Meridian line 
in Nauigation. 


He Meridian line is here ſet on the fide of the Seftor, 
ſtreeched forth ar full length,on the ſame plane with the 
line of lines and Sohidr,and is druided ynequally toward 87 gr. 
(whereof = gr.are about one haltc) in ſuch ſort as the Me- 
ridian in the cart of Mereators proieftion. The yſc of it may 
be 
1 To divide 8 ſex-chart according to Mer 
cators protecFion, 


If a degree of the equator on the ſea-chare be equall to 
the hundred part of the line of Zzues in the Swe Sita 
of the Meridian ypon the Seftor, ſhall give the like degrees 
ypon the ſea-chart : if otherwiſe they be vnequall, chen may 
the meridians of the ſea-chare be diuided in fuch fore as the 
line of Meridievs is diuided on the Seftor, by that which we 


ſhewed before in the 8 Prop.of the line of /ines. 
But to auoid error, I hauc here {ct downe a Table,where- 


by the Meridian line may be diuided our of the degrees of 
the equator, ſuppoſing each degree ro be ſu ddinided into 2 
thoutind parts. By which Tablc,& the vſuall Table of Siner, 
T angenss and Secamy,the proportions following may be alto 
reſolued arithmerically. For the maner of diuilton,ler che c- 

uztor (or one of the parallels if it be a particutar chart) be 

rawne, and diuided,and croſſed with parallcll meridians, as 
in the common ſea-chart : then looke into the Table, and 
fer the diſtance of 4o gy.in the meridian, from the equator, 
be equall co 43 gr.711 party of the equator; ler 5o gr. in the 
meridian from rhe equator, be equall to 57 gr. 909paris of 
the equator; and ſo in the reſt. 
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- mayqnake c:ch degree of loggirude cquall to the renth = 
' of the linc of: 4ines, and diuide the meridian of his'c 


98  Thewſe of the Meridian lice. 


It any deſire to haue his chart to agree with his Seffor, he 


arr 
our of the Scor: ſo ſhall each degree of the chart, be ten 
times as large asthe likedegree on the SeHor, and che worke 


be cafie from the one to the other, 


FEES [5 | 
| 2 Tp fond how many leagues anſwer to ove degree 
* of longitude in enery ſeuerall latitude. 


+ In failjng by the compalle , the courſe holds ſometime 
;vpon a gtcat circle, ſometime vpon a parallel ro the equator; 
' bur moſ{| commonly —_ crooked lines winding towards 
one of the poles, which lines arc well knowne by the name 
of Rumbs. | 
If the courſe hold vpon a great circle, it is either North or 
Sourh,vnder fome meridian, or Eaſt or Veſt, vndecr the c- 
quator. And in thefe caſes, eucry degree requires an allow- 
ance of twentic leagues, euecry twentte leagues will make a 
degrees ditference mthe failing : ſo that here needs ne fur- 
ther precept then the rule of proportion in the Chapter of 
limes. 
Bur if the courſe hold Eaſt or Weſt, on any ef the paral- 
{els to the equator; 


As the Radms 
is ro ewentie leagues, the meaſure of one degree 
at the equator: 

So the ſine of the complement of the Jatitude 
tothe meaſure of leegues anſwering to one degree 
in thar latitude. 


\WhereforeT take 20 leagues out of the line of /ines , and 
make 1t a parallel! Radws, by fitting it ouer in the lines of 
go and go: ſo his parallell ſine taken out of the complement 
ofrthetarirnde, and meaſured in the line of /ines, ſhall ſhew 
the number of leagues required, 


Thus 


Tha oſeafebu Muiidian linci £ | 
Thus in the Jatirude'of38gg.t2 w. we ſhall | | 
find 19 leagues an{wering toope degree of lon- 
girude, and 18 feaguesin the lacirude. of 25 gr. 
15 mn, and as inthis Tak, mr A417 : 
This may be done mare. readily without ape- 
ning the Sector, by doubling the line of che 
complement of the laticude, as may appcare in 
che {lame example. | TEE by, 
It uay itfo be done by the hae af meridians; | 
either vpon.che Seftor,or vpon, the chare, For if . 
we open a paire of compalles to the quantitic 
of one degree of longitude in the equator, and 
meaſure it in the meridian line, ſetting one foot 
as much aboue the laticude giuen, as the other 
fallech beneath it, ſo that the larirude may be iy, [575 
the middle betweene the feete of the compatles, |; 3 
che number of leagues intercepred ſhall be thar x 3 oy 
which was required. 3 ; 
Burt it the conrle hold vpon any of the yumbs, LY OE 
berwcene a parallel of the equator and ihe me- 78 28 
ridian, we are to conſider belides the quarter of 
che world to which we rend,which mutt be al- 87 8 


wayes knowne. | ws 
I The difterence of longitude at lealt in generall, 


2 The difference of Jaticude,and chac in particular. 

3 The r7#mb whercon che couric holds, 

4 The diſtance vpo the rwmb, which 15 the diſtance,which 
we arc here to conlider,and isalwaycs ſomewhaq greater then 
the like diſtance ypon a greazer cuucle, And tor cheſe firſt 1 
ſhew m generall this third Prop. 


3 To finde how many leagues do anſwer to one degree 
of latiqude in enery ſeucrall Rumb. 


As the line ofthe complement of the yumb fro the meridian, 
15to 20 leagues the mcaſure of one degree at the merid:an: 
So the Radius 
_ tothe leaguesan(;vering ro one degree ypon the Aus 
©» 
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Wherfore I take 20 leagues ewe of the | 


line of &ves, and make it a pi Gone 
of the complemene of the Rumb from 
the meridian; ſo his parallell Radius tax | 
ken and meaſured in the line of wer, 
ſhall ſhew the number of leagues requi- 


red. 

Thus in the firſt Rumb from the me- 
ridian, we ſhall finde 20 {gs 39 parts an- 
ſwering to one degree of latitude, and 
21 {gr 65 parts in the ſecond Rumb,&c. 
as in this Table, where we ſubdinide 
each league into a hundred partes, and 
ſhew bclides what inclination the rumb 
hath co the meridian. 

This may be done more readily wich- 


oue opening the Seer, by doubling the |—— 


ſecanc of che latirude, as may appearc in | 
che ſame example. 
It may alſo bo done vpon the chart, 


if we take the diftance vpon the Rumb |IT_ 


berweene ewo parallels, and meaſure it 
Mm <- mer .dian line, as farre abouc the | 
greater lar'tude as beneath che leſſer. 
For fo the number of leagues intercep- 
eed, ſhall be that which wasrequired. 
This conſidered in generall, I ſhew | 
more parricukrly in twelue Prop.follow- 
ing, how of theſe foure any —_ 
pm , the other two may be found, |© 
oth by CMcreators chart , and by this 
Setter. 


1 & 


The oft of the Meridiu lint Tor 


8 Fy oneluitude Rumb and diflance to find 
the difference of latitndey, " 


As the Radius 
to the ſine of the complement of the Rumb from the mee 
So the diſtance vpon the Rumb, (ridian: 
co the difference of laritudes. 


Ler the place given be 4 in the latitude of gogr. C in a 

reater af nn; vnknowne,the diſtance vpon the Rumb 

| Fries 6 £- berweene chemy, and the Rumb che third from 
the meridian.' 

Firſt I-cake6 gy. for the diſtance vpon the Rumb, out of 
che line of les, and make it a parallell Radius, by purting ie 
ouer in the lines of gorand 90. Then keeping the Seftor at 
chis angle,[ rake out the parallell fine of 56 gr.15 w.which is 
che fine of the complement ot the third Rumb trom che me- 
ridian,and meaſuring it inthe line of /52es,] find ic to be 5 gr, 
and fuch is the difference of larirude required. 

Or I'may cake out.chicſine of 56 gr.15 m tor the comple- 
went of the third Rumb from the meridian, make it a paral- 
lell Radius; then keeping the ScFor ar thus angle, I cake 6 gy. 
for the diſtance, exther our of the line of /ines,or any other 
ſcale of equall parts, orelſc our of the meridian line, and lay 
ic on both lides of the Seftor from the center , either on the 
line of /aves or fizes : ſo che parallell caken from the termes of 
this diſtance, and meaſured in the ſame (cale wherein the di- 
tance was meaſured, ſhall ſhew the difference of latiucude to 
be 5 gy. as before, 

But in ſhorter diſtances, ſuch asfall within che compaile 
of a dayes ſailing,this worke will hold much better. As 1nay 
appeare by comparing the worke with the Table following: 
where the numbers in rhe front do ſignifie the [eagues;thoſe 
in the ſide,the Rumb; and the reſt in che middlethe ditic- 


rence of latitude. 
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204 The ſe of the Meridias line. 
In the Chart let a meridian A 8 be drwwne through 4, 


and in A with A B make an angle of theRumb 8 AC. Then 
open the compalles,accrding to the latirude of the places, eo 
E F the quannrie of 6gy. tn the meridian, rransfcrrmg them 
intothe Rumbfrom Ato C, and through C draw the paral- 
cl! B C, croſſing the meridian AB in B: fo the in 


the meridian from A to B,ſhall ſhew the difference rude 
to be 5 gr. 


2 By the Rumb andboth Ltiules to find the 


diflance pew the Rumb. 
As the ſine ofthe complemene of the Rumb from the meri- 
15 to the Radius: (dian, 
So the difference of laticudes, 
to the diftance vpon the Rumb, 


As if the places giuen were A in the laticude of 50 £'- 
C in the latitude of 55 gr, and the Rumb the third from the 
meridian. 

Here I may take 5 gy. for the difference of laticude our of 
the line of lines, and pur it ouer in che line of 56 gr. a5 mv. for 
the complement of the third Rumb from the meridian. Then 
keeping the Sefor at this angle, I rake out the parallell Ra- 
dius,and meaſuring it in the line of lives, I findit cobe G6 gr, 
_ ſuch js the diſtance vpon the Rumb, which was requi- 
ged. 

Or I may take the laterall Radius, and makeic a parallell 
finc of 56 gr. 15 #. the complement of theRumb from the 
meridian:then keeping the SeQor at this angle,I cake g gr. 
for the difference of latitude, either ouc ofthe line of lines, 
orout of ſome other ſcale of equal parts, and lay it on both 
fides of the SeRor from the center, cither on the line of laves 
or of f=ez : ſo the parallel] cakentrom the termes of this diffe. 
rence, and meaſured in the ſame ſcale with the difference, 
ſhall ſhew the diſtance vpon the Rumb to be 6 gr. or 420 
leagues. 


Or 
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The wſe of the Meridian line; to5 


Or keeping the Sefor at this angle, I may take the diffe- 
rencc betweene gogr.and 55 gr.out of the Meridian line,and 
meaſuring it in the equaror,] thal indir co be equall to R gy. 
22p.of the equator. Wherefore I rake che parallell berweene 
822 and 822 outofthe line of /mes, and meaſuring ir in the 
line of nes I ſhall fndit to be 989; which thewes = accor- 
ding to this protection, the diſtance ypon this third Rumb, 
an{werable to the former diſtance ot latirudes.will be cquall 
to 9 gr 89 p.of che equator. 

Or the Sector remaining at this angle,I may take the diFe- 
rence berwcene FOgr. and 55 gr. out of che Aeriaian linc, 
and lay it trom the center on boch (ides of the Sefoy, either 
or the linc of lines or of fines: lo the parallell raken trom the 
rermes of this difference, ſhall be the very line of diſtance re- 
quired,the fame with A C or E F ypon the chartzwhich may 
icrue tor the better pricking downe of rhe diſtance ypon the 
Ru mb,:vichour taking 1t torch of the 7ſeridrian line,as in che 
torimer Prop. 

Or if the Rumb fall nearer to the equator, that the laterall 
Rains cannot be fitred ouer 1n1t, this propolition may be 
wrought by parallell entrance, 

For it I firit rake out the linc of 56 gr.15 29. and make it a 
parallell Radws, by fireing ir oucr 1n the {incs of yo and 99, 
or in the ends of the lines of lines, and then take 5 gr. forthe 
dirference of Jatirudes our of rhe line of /ines, and carrie it pa- 
rallellro che tormer, I thail find it to crotle both lines of lines 
11 the points of 6: and fo 1t piucs the func diftance as be- 
tore, 

Or it the diſtance be (mall, it may be found by the former 
Favle, For the Rumb being tound in the (ide of the Tab 1, 
and the difference of larirude im the ſame line; the cop of the 
columne where rhe difference of latirude was found, ſhall 
ewe the number of leagues in the diſtance required. 

Or we may hndc this diſtance in the Table of Rumbs in 
the titt Pr-p.lollowing. For according tothe example looke 
mco the Table of che third Rumb tor 5 gr.of latitude, and 


there we ſhall inde 6 gr.o1 pares vnderthe title of diſtance. 
PP 50 


CESZ I 


106 The ſe of the Meridian lice, 


So if the difference of latitude vpon the ſame Rumb were 506 

gr. che diſtance would be 60 gr.13 parrs. It the difference of 

Jatirude ypon the ſame Rumb were onely + of a depree, the 

diſtance would be onely 60 parts,luch as 100 doe make a de- 
rec. 

In the chart let a Meridian AB be drawne through A,and 
parallels of latitude through A and C;& thenin A with A B 
make an angle of the Rumb B AC: ſo the diſtance taken 
from eA to C, and mcaſured in the Meridian line,according 
tothe latitude or rhe places, ſhall be found to be 6 gr,or 120 
leagues. And ſuch 15 che diſtance required. 


3 bythe diſtance and both latitudes 
to find the Rumb. 


As the diſtance ypon the Rumb, 
ro the dittcrence of latitudcs : 

So is theRadius (ridiin. 
ro the line of the complement of the Rumb from the Mc- 


As if the places guen were A in the laticude of 50 gr. 
C in the 12e1rude of 55 gr. the diſtance betweene them being 
6 gr.vpon the Rumb. Firſt I rake 6 gr.tor the diſtance vpon 
the Rumb,and lay it on both fides of the Sefor from the cen- 
ter; then out of the ſame ſcale I rake 5 gr, for the difference 
of latitudc,and to it open the Seftoy 111 the rermes of the for- 
mer diſtance: ſo the parallel Radius raken and meaſured in 
the ſnes,doth giue 56gr.15 mw. the complement whereot 3 3 
£7.45 m.1sthe angle of the Rumibs inclination ro the Meri- 
dian,which was required, 

In the chart letra meridian AB be drawne through L,and 
parallels of latitude both through A and C; then open the, 
compalles according to the latirude of the places to E F the 
quaneitie of 6 gr.in the meridian,and ſetting one foote in A, 
rurne the otherrill it crofle the parallell B C in C, and draw 
theright line AC: ſotheangle B A C ſhall ſhew the inclina- 
tion of the Rumb co the Meridian to be 33 gr.45 w.as before. 

Thele 


The wſe of the Meridian line, 107 


Theſe three laſt Prop. depend one on the other, and may 
be wrought asrruly by the common ſea-chart as by this of 
Mereators proietion: and therefore in working them by 
the SeFor,the diſtance and the difference of latitudes may as 
n.c|l or better be taken out of the line of lines (which here 
repreſcnteth the equator) or any other linc of £quall par:s, 
a5 our of the inlarget degrees in the meridi wm line. Bur in the 
propoſitions tollowing,che difference of lonzicude mult be 
caken out of the equator; the difference of latitudes and di- 
{tance vpon the Rumb, mult alwayes he taken ont of the me- 
ridian line; which I therefore call the proper ditference, and 
proper diſtance. 


4 By the longitu1e and latitude of two places 
to find the Kumb, 


As if the places given were A in the latitude of 50 gy. C 
inthe latitude of 55 gr. andthe difference of longitude be- 
eweene them were 5 gr.30 m. 

In che c art let meridians and parallels be drawn through 
Aand C,and a ſtraight line for che Rumb trom A to C; then 
by rhat we jhewed Cap.2.Prop.g.inquire the quantitie of the. 
angie B AC,and it ſhall be found to be 33 gr. 45 m. which 13 
the chird Rumb from che Meridian. Whcretore the propor- 
ton holds for the Sefor, 


As A B the proper differcnce of latirnde, 
15to B C the dittcrence of longirude : 
So AB as Radius, | 


oH C rhe cangent of the Rumb from the Meridian, 


According to this I take the proper difference of latitude 
101M G5Oogr.to 55 gr. out of the line of meriatary, and lay it on 
both tides of the Settor from the center;then I rake the d:tte- 
1ence of longitude 5 gr.; out of the line of hnes, andto it 0- 
pen the Seffor in the termes of the former ditterence of latt- 
macs: ſo the parallell Radius taken from betweene go and 
50,and mcaſurcd in the greater tangent on the lide of the Se- 

2 flor, 
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(tor,doth pine 33 gr.45 #. forthe Rumb required, 
Bur if the Rumb fall nearer to the equator; 


As AD che difference of longitudes, 
is ro D C the proper ditterence of latitudes: 
So A D as Radius, 
to DC the tangent of the rumb from the equator. 


According to this I take the former difference of latitudes 
from 50 gr.to 55 gr. out of the line of Meridiens, and to it 0- 
pen the Seftor in the termes of the difference of longitude 
reckoned in the line of /ines from the center: ſo the parallel] 
R.:dius taken and meaſured in the gangere,doth giueg6gr.15 
m.tor the rumb trom the equator; which is the complement 
tothe former 33 gr.45 m: and ſo both ways ir 15 found to be 
the third rumb from the Meridian. 

Bur 1f this rumb were to be found in the common ſea- 
chart,it ſhould ſceme to be aboue 47gr. which is more then 
the fourth rumb trom the meridian. 


5 By the Rumb and both latitudes to find the 
difference of longitaude. 


As if the places giuen were A in the Jatitude of go gr. and 
C in the latitude of 55 gy. and the rumb the third from the 
meridian. 

In thecharc, let a meridian be drawne through A, and 
parallell of latitude through C; then in A with AB make 
the angle of the rumb trom the meridian B AC, (as was 
ſhewed Cap.2.Prop.1o.) So the degrees in the parallell be- 
twcenc Band C\ſhall be found to be 5 gry.?, the difference of 
longitude which wasrequired Wherefore the proportion 
holds tor tlic Seftor, 


As A B the Radius, 
ro B C the tangent ofthe rumb from the meridian: 
| So AB m—_—_—_ difference of the laticudes, 
to B C the difference ot longitude, 
According 
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According to this we may take the tangent of the Rumb 
which is here 3 3 gr.45 m.from the meridian, our of the orca- 
ter tangent on the lide of the Seftor; and putting it oner be- 
eweenc 90 and 90, make it a Radius: then keeping the Sefdor 
at this angle,take the proper difference of latitudes from 5o 
r.to FF gr.out of the line of Meridians, and lay it on both 
{1des of the Seftor from the center: fo the parallel taken from 
the termes of this difference,and meaſured in the line of l5nes, 
ſhall ſhew the difference erhaoy on ro be F gr.;. 


Or if the Rumb fall nearcr the equator. 


AsDC the tangent of the Rumb from the equator, 
ro A D che Radius: 
So D C as proper dittcrence ot the latitudes, 


ro AD thedifterence of longitude. 


According to this we may beſt work by parallell entrance, 
firſt taking 56 gr.15 m.tor the angle of the Rumb jrom che 
equator,out ot the greater eargext,and make it a parall-1l Ra- 
dius: then rake the proper difference of lariudes out of the 
linc of meridians, and carrie 1t parallel! ro the torn: to we 
ſhall find it to crolle the line of /ies in 5 gr.;. Andes 15 the 
difference of longitude required,the fame as before. 

Bur if this dittercnce were to be found by rhe common 
ſea-chart,it ſhould {ſecme to be only 3 gr.20 m.which is more 
chen 2 er.lefſe then the truth. Andyer cls error woald bc 
greater, if either che latitude be greater,or the Rumb tall nca- 
rer the equator: as may appeare by comparing the common 
ſea-charc with the Tables toilowing. 
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Theſe tables are calculated for each of the Rvmbs, ' 

The firit ſeuen haue three columnes, ard of chem the firſt 
containeth the degrees of I »t1rvde,from the Equinocaall to 
the Pole: the ſecond doth! give the d:fference of I.cngitude; 
and the third the diſtance. buth ot them belonging to that 
Rumb and latitude, 

As in the Table of the third Rumb; atthe /atirude of 50 
Gr.1 find vndcr the title of Longitude 38 Gr ty parts,and vn- 
der the title of Diſtance 60 Gr. 13 abs {,cves that it the 
courſe held conſtantly on the thire Remb trom the Equi- 
nociall co the Latitude of 5o Gr. the difference of Longi- 
tude would be 38 Gr, 6g parts of a 1co, and the diſtance vp- 
on the Rumbe 60 Cr.13 pares, For |.crc I reckon the diſtance 
by degrees, rather then by leagues or nules, and ſubdiuide 
each degree into 100 parts, rather then ito 6o minutes, fol 
the more caſe in calculation,and withall co make the calcu- 
lation to agree the bettcr, both with this, and my Creſſe ſtaffe, 
and other 1n{truments. 

The vſe of thele Tables, for the finding of the difference 
of Longitude, is this. Turne to the rable of che Rumb, and 
there ſec what longitude belongeth to either latitude, then 
rake the one longitude out of the other, the remainder will 
be che difference of longitude required, 

As1n theformer example,where the places giuen were of, 
in the latirude of 5o Gy, C mn the latitude of 55 Gr. and the 
Rumb the third trom the meridian : I looke into the table 
of the third Rumb and there find, 


I atitudec 50 gr. I ongitude 38 gr, 69 parts. 
Latitude 55. IL ongitude 44. 19. 


Therctore the diff. of Longitude $5 50 


There is another vſe of theſe tables, for the deſcribing of 
the Rumbs both on the Globe,aud all ſorts of Charts. For ha- 
ving drawne the circles of longitude and latitude , and fin- 
ding by the tables, the difference of longitude belonging to 
each Rumb and latitude: If wemake a prick in the x at 
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eucry degree of latitude, according to that difference of lon- 
gitude, and draw lines through thoſe prickes, ſo as they 
make no angles, the lines ſo drawne ſhall be the Rumbs re- 
uired. | 

The vſe of the eight Rumb is ſomething different from 
che reſt. For there berng here no change of latitude, I haue ſet 
to cach laticude, rhe difference of longitude, belonging to 
one degree of diſtance, and the diſtance belonging ro one 
degree of longirude. | 

As if two pla-es ſhall be 20 leagues, or one degree diſtant 
one from the other, in che latitude of 50 gr. the ditterence of 
longieude betweene them will be 1 gr.55 parts, Bur if they 
ditfer one degree in longi:ude, the diſtance berweene them 
will be onely 64 parts,w'11ch fall ſhort of 13 leagues, or at the 


» 


moſt 6428 parts, tuch as 10000 do make a degree, 


6 By the difference of lonzitude, Ramb,and one 
latrtnde, to find the other latitude. 


As if the places gin-n were A, in the latirude of fo pr, C 
in a greater latitude bur vnknowne, the ditterence ot lony1 
cude x gr.:, and che Rumb the chird from the Meridian. 

In the charc let A B,DC,meridians,be drawne through A 
and C, according to the dittercnce ot longiude, one 5 07. | 
trom the other; anda parallel} ot lartieude through A, crot: 
ling the meridian CDmn D : then 1n A,wvicth AB, make ar, 
anvie of the Rumb B A C:1o the degrees in the meridt.n 
berweene D and C,fhall be foundro be 5 gr.che proper ditte 
rence of latitude which was required Wheretorc rhe propor: 
tron holds tor the Setfor, 


As A D the Radius, 

ro DC the tangent of the Rumtb from the equator : 
So A D as dittcrence of longirude, 

co DC the proper ditterence of lacitudse. 


According to this,I rake 56 gr.15 mn. for the angle of the 


Rumb from the equator, out of the greater Tavgert, and 
make 
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1:2ke it a parallell Radius. Then I reckon 5 gr.; in theline of 
lin-s irom the centcr,for the difference of longitude. So the 
parallell ctaken from the termes of this difference, and meaſu- 
r din the linc of meridrans, ſhal reach from 50 gr.the latitude 
giuen,to 55 gr.which is the laticude required, 

Or if the Rumb fall nearcr to the meridian, 


As BC the tangent of the Rumb from the meridian, 
isro A B the Radis: 

So BC as difference of longirudey & 
to AD the proper difference of laricude, 


According to this we may beſt work by parallel entrance; 
firſt rake 33 gr.45 m.tfor the angle ot the Rumb trom the me- 
ridian,our of the greater Tangent, and make it a parallcll Ra- 
dius; then takes gr.* tor the ditt: rence of longitude our of 
the line of /ies, and carrie 1t parallel ro the tormer, ill che 
teere of the compatles ſtay in like pornts: ſo the line berween 
the center and he place of this ſtay, being taken and meaſu- 
rcd in the linc of meridians from 50 gr.torward, ſhall ſhew the 
Jaticude required to be 55 gr. as1n * former way, 

The like may be tound by the cables ot Rumbs. For in the 
cable of che third Rumb, ar che latitude of 50 gr. I finde the 
longitude of 38 gr.69 p;to this it I adde 5 gr.go p.tor the diffe- 
rence of longitude giuen, the compound longitude will be 
44 £7.19 p. and this anſwers to the latirude of 55 gr. 

Bur it this difference of Jatirude were to be tound by the 
common {ea-chart,it ſhould ſceme to be 8gr.1z m;and fo the 
{ccond latitude ſhould be 58 gr.13 m. which 1s abouc 3 gr. 
more then the truth. 


7 By one latitude,ramb,and diſl ance, to find 
the difference of longitude. 


As if the places giuen were eA in the latitude of 5o gr, 
C in a greater laticude but vnknowne, the diſtance vpon the 
Rumb being 6 gr.berweene them, and the Rumb the chird 
from the meridian, 


In 


| 
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In the chart, let a meridian A B, and a paraltell AD be 
drawne through A;and in A,with A B,mak- an angle BAC 
for the Rumb from che meridian z then open the compalles 
according to the latitude of the places to Z F, the quancitie 
of 6 gr.in the meridian, transferring chem into the Rumb 
from Aro C, and through C draw another meridian D C, 
crolſ.ng the parallel drawne through Ain D : ſo the degrees 
intercepted in the parallell from A to D, ſhall ſhew the Siffe- 
rence of longitude required to be about 5 gr.:. Wherefore 
che proportion holds for the Sefor. 


As A C the Radius, (meridian: 
is to AD,equall ro B C,the fine of the Rumb from che 
So AC as proper diſtance vpon the Rumb, 
ro A D the difference of longitude. 


According to this I take theſine of 33 gr.45 w. for the an- 
gle of the Rumb from the meridian, and make it a parallcll 
Radiusz then keeping the Sefoy at this angle, I rake 6 gr.for 
the diſtance out of the merrdran line, according to the ettima- 
rcd latitudes of both places, and lay it on both lides of the Se- 
for from the center: ſo the parallell caken from the ternies of 
this diſtance,and meaſured in the lines of /ner, [hall ſhew the 
difference «f longitude to be about $5.gr.:. 

In this, and ſome of the Prop.tollowing , where there is 
but one latirude knowne, there may be {omerimnes an error 
of a minure or ewo,in the eſtimation of the proper dittance, 
yet it may be re@tified at a ſecond operation, 

This propolition may alſo be wrought by che Tables of 
Rumbs. For according to the example, in the Table of the 
third Rumb,art che latitude of 55 gr. I find the longitude of 
38 gr 69 p. andthe diſtance of 60 gr.13p. tothis I a de 6gr. 
for che diſtance giuen; ſo the compound dittance will be &6 
gr.13 p. and this an{wersto the gary. ee ot 44gr.19p; then 
it I rake the one longitude out of the other, the difference 
will be 5 gr.50 p.as betore. 

Bur it chis difference were to be found by the common 
ſea-chart, it ſhould ſeeme to be onely 3 yr. 20 m. which is 
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more then 2 gr. Icfſe then the truth. 
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8 By one latitud:,Rumb,and difference of longitudes, 
to find the diſtance. 


As if the places giuen were A,in the Jaricude of 50 gr. C 
in a greaie; Jatirude bur vnknowne, the difference of longi- 
rade betwe nc them being 5 gr.z, and the Rumb the third 
from the merician, 

In the chart !-r A B, D C, meridians be drawne through 
A and C,according to the difference of longitude, and a pa- 
ra!lell of liutude through A, crolſing the meridian DC in 
D; chen in eA,witl A B,make an angle of the Rumb BAC: 
ſo the diftance on the Rumb from A to C taken and meaſu- 
rd 1n the wveridean,according to the citimated latirude of the 

laces, ſhall be found co be 6 gr. Wherefore the proportion 
|. old. tor the Settor, 
As A D,cquall to BC,the ſine of the Rumb from the meri- 
15ro ACthe Radius: (dian, 
So A D asdifference of longitudes, 
ro A C the proper diſtance vpon the Rtimb, 


According to this, I rake the laterall Radius, and make ita 
parallell line of 33 gr.45 #1. which 1s here che angle of the 
Rumb from the meridian ; then I reckon 5 gr. in the lines 
of ines from the center, for the difference of longitude : fo 
che parallell caken from the rerme> of this difference, and 
meaſured in the line of weridrans, according to the latitudes 
oi the places, ſhall chere ſhevw rhe diſtance required to be a- 
bout 6 gr. which are 120 leagues. 

Or 1t the Rumb tall nearer roche meridian,thar the lateral 
Radius cannot be firted ouer in his (ine , this Prep. muſt 
be wrought by parallell entrance, and fo allo it giues the 
{ame diſtance as betore. 

Or we may find his diſtanice by the Table of Rumbs. For 
in the table of che third Rumb,ar che laticude of fo gr.I find 
chc longitude of 38 gr.69p. and the diſtance of 60 gr.1zp. 

To 
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To this longitude here found, I adde y gr.50 p.for the diffe- 
rence of longitude giuen : ſo the compound ago, will 


be 44 7-19 p. and this anſwers ro the diſtance of 66 gr.15 p. 
Then if I cake the one dittance our of the other,the remain- 
der will be 6 gr.o2 p. for the diſtance required. 

Bur if this diſtance were to be meaſured on the common 
ſea-chart, it ſhould ſceme to be almoſt 10 gr or at the Jcal? 
197 leagues, abouec 77 leagues more then the truth, 


9 Byone latitude, diſlance, and difference of lon- 
gitudes, to find the Rumb. 


As if the places giuen were eA,in the latitude of 5o gr. C 
in a greater latitude but vnknowne, the difference of longi- 
tude berweene them being 5 gr. , and the diſtance 6 pr. 
vpon the Rumb. 

In the chart let AB,DC,meridians, be drawne through 4 
and C, anda parallcll of latitude through eF; then open the 
compalles according to the latirudes ot the places,to E F the 
quanririe of 6 gr.in the meridian, and ſetting the one foote 
in A,che other toote ſhall croiſe the other meridian in C;and 
if we dravw the right line AC, the angle BAC thall ſhery che 
inclination of the Rumb to the meridian to be abour 33 gr. 
45 m. Wherefore the proportion holds for the Sector, 

As AC the propcr diſtance vpon the Rumb, 
isro AD chedifference of longitude: 

So AC as Radius, 
tro AD,cquallco B C, the (line of the Rumb from the 
meridian. 

According to this,I take the proper diſtance 6 gr. out of 
the line of meridians, and lay it on both tides of the Sefor 
from the center;then I take the difference of longitude $ gr. 
: out of the line of /ines,and to it open the Sedtor in the terms 
of the former diſtance: ſo the parallel] Radius taken {rom be-+ 
eweene 90 andgo,and meaſured in the flaes,doth giue about 
33g7-45 m. forthe Rumb required. 

But if this Rumb were to be tound by the common {ea- 

R 2 chart, 
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chart,it ſhould ſceme to be aboue C6 gy. and ſo almoſt the 
ſixt Rumb from the meridian. 


10 Bythelonzitude and latitude of two plices, 
fo find rheir diſtance pon the Rumb, 


Let the SefFor be opened in the lines of lines,vnto a right 
angle (as was ſhewed before Cap.2.Prop.7;) then take out the 
proper difference of Jarirudezand lay it on the one line, and 
che difference of longitude,and lay it on the other line, ſo 
as they may both meete in the center, marking how far they 
extend. For the line taken from the termes of their exten- 
fion, and meaſured in the meridian, according to their lati- 
tudes, ſhall ſhew the diſtance required. 

So if the places giuen were eFand C, A inthe latitude 
of5ogr.C inthe latitude of 55 gr. the proper difference of 
larirude ſhall be the line A B, andlet BC the difference of 
longirude be 5 gr.;, we ſhall find that AC the diſtance vpon 
the Rumb is about 6 gr.which make 120 leagues. 

Forin the chart,lct an occulr meridian be We through 
A, anda parallell of tatirude through C, croſſing the fornicr 
meridian in B, and a right line for the Rumb from A ro C, 
fo hauc we areanglc triangle A B C,whoſe bafe F C,raken 
and mex{ured in the meridian from E below 5ogr. to Þ, as 
niuch aboue 55 gr.doth containe the quantitic of 6 gr. 

In the fame maner the Settor being open«d to a right an- 
elc, in the lincs of lizes : if we take the difference of latitude 
our of the hne of mreridiang,in his proper place trom go gr. to 
55 gr. and place it on one of the fides from che center, to re- 
ſe.: ble A &, then reckon the ditference of longitude on the 
other perpendicular line from-the center to 5 gr.3,in ſtead of 
B C,we thall haue the hike reCtanple triangle on the Sefor,to 
that which we lad before on the charc; and if we take our 
che baſe of it, and meaſure 1t in the line of mveridians from be- 
low 59gr. to as much aboue 55 gy. we ſhall finde as before, 
thac it containeth about 6 gr.or 120 leagues, 

Bur it chus diſtance were to be meaſured onthe common 

| {ca- 
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ſea-chartzit ſhould ſeeme to be almoſt 7 gr.z, or 145 leagues; 
which is 25 leagues more then the truth, 


11 By thelatitude of two places, and the diſtance pon 
the Rumeb, to find the difference of longitude. 


Let the SeFoy be opened in the lines of lines to a right an- 
le, then take out the proper differonce of latirudes,and lay 
1t on one of the lines from the center, then take the proper 
diſtance with a paire of compalles, and ſetting one foote in 
the cermes of the difference, turne the other | Anas to the 0- 
ther linc of the Sefor, and it ſhall there ſhew the difference 
of longitude required. | 

Soft the places giuen were A, in the latitude of gogr. C 
in the latitude of 55 gr. with 6 gr.of diſtance one from ano- 
cher,we ſhall find cheir difference of longitude to be about 
$ 97.;. 

For in the chart let a meridian A B be dravwne for the one, 
and BC, A D, parallels of latitude tor them both. Then open 
the compatles accor.:ing to the laritud * of the places, ro E F 
the quanritie of 6 gr.jn the weridian,and ſerring one toote in 
A,hauing latirude of 5o gr. rurne the other to che parallell 
of 55 gr. and it ſhall there cut off the required difference of 
longitude B C 5 gr... 

In the ſame maner,the Seffor being opened to a right an- 
plc,in che lincs of nes : if we take the ditference of Jatirnde 
out of the line of me: idians in his proper place from 5o gr. 
vnto 55 gr. and placc it on one of the lines from the center; 
then rake 6 gr.the diitans voon the ſum? out of che ſawe 
line of meridians, according tot 3 Jacitudes of the places, and 
ſer the one toote in the rerine of the former difference, cur- 
ning rhe other tore to the other perpendicular line, we 
thall inde char it will crofle it abour g gr.: from che cencer; 
winch 1s che ditference of longirude required. ** 

Bur if chis ditfer-nce ot longitude were to be: found by 
che common ſea-chart, it would (eeme ro be only 3 gr.20 m, 
which is more then 2 gr. 10 m.lcile then the truth, 
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12 By one latitude, diſtance and aifference of lowgitudes, 
to finae the diſſerence of latitudes. 


Let the Seftoy be opened in the line of lives to a right an- 
gle. and ler the difference of longitude be reckoned in one 
of thale lines from the center; then take the proper diſtance 
with a paire of compalles, and ſctting the one foore in the 
terime of the former difference, turnec the other foore to the 
orher line of the SedGer,and irſhal thence cur off a l:ne,equal 
ro the proper ditterence of Jatitude required, 

So it che places giuen were A and C, A in the latirude of 
gogr. Cina ne latitude but vnknowne, the difference 
of longitude berweene them F gy.;, and che diſtance vpon 
che Rumb 6 gr.or 120 leagues, we ſhall find the difference of 
latitude to be x gr. 

For in the chart, lct occule meridians be drawne through 
A and C, anda parallel of latirude through A; then open 
the compalles according to the eftimated latitudes of the pla- 
cesto E F the quantitic of 6 gr. in the meridian, and ſerting 
the one foote 1n A, turnec the other to the meridian drawne 
through C, and it ſhall there cur off che line D C, which is 
the ence ot latitude required. 

In the ſame maner,the SeHor being opened to a right an- 
gle,m the lines of lines, if in the one line we reckon the diffe- 
rence of longitude from rhe center to ggr.i, then taking 6 
gr. for the diſtance our of the line of Meridiens,according to 
the latitude of the places, we ct the one foote in the terme of 
the giuen difference, and turne the otherfoote to the other 
perpendicular linc , we ſhall tnde that it cursa line from it, 
which taken and meaſured 11 the line of meridians, from 50 
gr.on forward, doth ſhew the ditference of latitude to be as 
betore 5 gr. 

\ Bur if this difference of latitude were to be found by the 
common ſea-chart,it would feeme to beonly 2gr.25 m.which 
1s 2 gr.35 .|]c then the truth, Such is rhe diftcrence be- 
rvvcene both thele charts, | 


THE 


THE THIRD BOOKE 


Containing the vſe of the particular 
Lines. 


H E lines of lines, of ſuperficies, of ſol:d;, of fines, with 

che laterall lines of eangents and weridizns, whereof I 

haue hitherunro ſpoken, are thoſe which I princi- 
pally intended: that little roome on the Sefor which remat> 
neth, may be filled vp with {uch particularlines as each one 
ſhall chink conuenient tor 11s purpoſe. I haue made choiſe of 
ſuch as I chought mighr be belt pricke on without hindring 
the light of the former, v1z. lines of Qnadratare,of Segments. 
ot Inſcribed boqies, of Eqzated bodtes,and of 1Metrals, 


CHAP. 1. 
Of the lines of Quadratu c. 


'He lincs of quadratnre may be knowne by the letter > 2% 


and by their place berweene the }:nes ot fines, 2 liguh- 
ide of Lofide of to hf 
«th the {ide of a ſquare; 5 tiie lide of a pentiagon with hue e- 
quall ſides, 6 of an hexagon with [ix cquall lides, and fo z,8, 
9, aid 10, S ſtandsfor the Semidiamerer of a circle, and gc 
toraline <quall rogo gr. inthe circuniterence. The vic of 
them may be | | 


rt Tomakea It quare equal! to a cirtle 21nen. 
2 Tomaltacireieequall to a [quare ginen. 


Tf the circle be firſt giuen, take his fornidiimeter and co ic 
pen the Sefor in the points ar S: fo the paralicl! raken trom 
berweenc the points at ©, Jhall be rhe lide of the tquare re- 
* quired, 
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If the ſquare be given take his ſide,and to it open the Se- 
for,in the points at 2: ſo the parallel] caken from berweene 
the pointsat S, ſhall be the Semidiamerer of the circle requi- 
red. 

Ler the Semidiameter of the circle giuen be A B,the ſide 
of the ſquare cquall ynto jt ſhall be found co be CD, 


3 Toreduce a circle giu"n,or « ſquare into an equall pen- 
$ag0n,07 other like ſided ana like angled figure. 


Take the (ide of the fignre given, and bit it over in his due 
points: ſo the parallels raken from betweene the points ws 
che 


Of the lanes of Quadrataye; V2 
the other figures, ſhall be che ſides of thoſe figures: which 
being made vp with equall angles, ſhall beall cquall one to 
the other. 

Let the Semidiamexer of the circle giuen be AB,the ſide of 
an hexagon equal co thus circle,ſhall by cheſe meanes be found 
to be GH;and the ſides of an ofagon to be I K.Other planes 
not here ſex downe,may firlt be reduced into aſquare, by the 
lixt Prop. Super, and then inco a.curcle , or other ot thele &- 
quall hgures,as-betore, 


4 To finda right line, equall to the circumference 
af 4 circle, or otver part thereof. 


Take the Semidiamerer of che circle giuen, and to it open 
the Seftor in the pointsat S; ſo the parallel] raken from be- 
rweene the points at go in this line,ſhall beche fourth part of 
the circumference: which being knowne, the other parts 
may be found our by the was and third Prop. of /mes, 

Thus if the Semidiameter ot the circle giuen be AB, the 
rightlinc ZE F ſhall be found to be the tourth part of the cir- 
cumference. Therefore the double ot E F (hall be equall to 
the circumterence of r$0 gr; and the halfe of E F ſhal be the 
circumtcrence of 4; gr. and ſo inthe reit. 


CHAP. II, 
Of the lines of Segments. 


He lines of ſegments which are here placed between the 
lines of hes and ſuperficies, and are numbred by , 6, 3, 
8,9 10, do repreſent the diameter of a circle, ſo diuided into 
a hundred parts, as thar arighr line drawne through theſe 
parts,perpendicularto che diamerer, ſhall cut the circle into 
ewo ſegments, of which the greater ſegment ſhall haue that 
proportion to the whole circle, as the parts cut haue to 100. 
The vſc of them may be | 
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1 Todivide a circle given into two ſegments, 
according to a proportion gruen. 
2 To finde 4 proportion betweene 4 circle 
and his ſegments giues. 


Let the Seftor be opened in the points of an 100, to the 
diameter of the circle ginen: fo a parallell taken trom the 
poinrs proportionall co the greater pergviens required, ſhall 
giuc the depth ot that greater ſegment, 

Or if the ſegments be giuen,ler the Seffor be opened as be- 
fore; then wn che depth of the greater ſegment,and carry it 
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Of the lines of Inſcribed bodies. TIT 


arallell co the diameter: ſo the number of points wherein 
they ſtay, ſhall ſhew che proportion to 100. 

Asif the diameter of To circle ginen were B L, the depth 
of the greater ſegment L O being 75, doth ſhew the propor- 
tion of che ſegment O M L N tothe circle to be as 75 to 
200. V1z. three _ ot toure. 

Hence I might ſhew, 1t there were any vic of it, 


To find the [id- of a ſquare,equall to any 
knowne ſegment of a circle, 


The fide of a ſquare cquall to the whole circle, may be 
found by che former Cap. and then hawing the proportion of 
the ſegment ro the circle, we way dimmiſh the ſquare in 
juch proportion, by that which hath been ſhewed Lb. 1, 
Cap.3.Prop.z. 


CHAP. III. 
Of the lines of Inſcribed bodies. 
"Toon of inſcribed bodies are here placed berweene the 


lines of Hines, and may be knowne by the letrers, D.S,2, 
C,0,T; of which D lignifeth the tide of a dodecabcaron, [ 
of an [reſahedron, C of a cube, O of an oflabedron, and T ot a 
tetrahedron, all inſcribed into the ſame ſphere, whole ſemi- 
diameter is here {ignificd by the letter FS, 

The vle of rhele lincs may be, 


1 The ſemidiameter of a ſphere being giuen to find 
the j.des of thr flue regulay bodies, which 
may be inſcribed inthe [ata ſphere. 
' 2 The ſideof any of the fine regular bodies being ginen, 
60 find the ſ[emidiameter of a ſphcrethat nil 
circumſcribe the ſaid bodice, 


If the ſphere be firlt ginen,take his ſemidiameter,and tot 
5-2 Oct: 
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218 open the Seftor in the points at: if any of the other bodies 

bs be firſt giuen, take the ſide of ir, and fir it ouer in his due 

(i points : ſo the parallell caken from betweene the points of 
568 the other bodies, ſhall be the ſides of thoſe bodies, and may 

M be inſcribed into the ſame {phere. 

"a E.. A Cc 
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So if the ſemidiameter of the ſphere be A C,the (ide of the 
dodecabedron inſcribed ſhall be D E. 


CHAP. IIII. 
Of the lines of Equated bodies. 


T He lines of equated bodies are here placed betweene the 
lines of /ines and ſolids, noted with cheſe letters, D, I,C, 
$, 0,T, of which D ſtands for the ſide of a doderahedron, I for 
the (ide of an Ireſabedron,C for the (ide of a cabe, S for the di- 
ameter of a ſþhere,© for rhe ſide of an oftabedron,and T for the 
fide of a terrabedron, all equall one to the other . The vle of 
theſc lincsmay be 


3 The diameter of a ſphere being ginen,to find the ſides 
of he fine regular bodies,equell ro thatſphere. 
2 The (ide of any of the fine regular bodies being ginen, 
80 find the diameter of 4 ſphere,end the ſides of the 
other bodies, equall tothe firſt body giuen. 


If the ſphere be firſt giuen,take his diameter, and to it 0- 
pen the Seftor in the points at $: if any of the other bodies 
be firſt ginen, take the ſide of it, and fir it ouer in his due 
points: ſothe parallels raken from between the points of the 
other bodies, hall be thelides of choſe bodies equall to the 
firſt body giuen. 

Thus in the laft diagram,if the diameter of a ſphere giuen 
1; be BC, the ide of the dodeeabedron equall to this ſphere, 
3% would be found to be FG. 


Of che Lines of Meeutalls; 
CHAP. V. 


Of the Lanes of Mettalls. 


He lines of Mettallr are here ioyned with thoſe before 
Tor equated bodrer, andare nored with theſe charaters 
©, Þ H. Þ. 2. 4. 4. of which © ſtands for gold,Þ for quickſituer, 
H for leade, Þ for {iluer, L for copper, & tor iron,and Þ for tin. 
The vſe of them is co giue a a6 betweene theſe ſe« 
uerall metralls, in their magnitude and weight, according to 
the experiments of Marinus Ghetaldue, in is booke called 
Promotus Archmedes. 


1 Inlike bodies of ſeuerall mettalls andequall 
werg ht, having the magnitude of the one, 
to finde the magnitude of the reſt. 


Take the magnitude giuen out of the lines of Solids, and 
to it open the Seftor in the points belonging to the merrall 
giuen : ſo the parallells taken from berween the points of the 
other mettalls, and meaſured in the lines of Solids, ſhall giue 
the magnitude of their bodies. 

Thus hauing cubes or ſpheres of equall weight, but ſe- 
verall mettalls, we ſhall finde that if thoſe of ein containe 
10000 D,the others of iron wil contain 9250,thoſe of copper 
$222, choſe of ſiluer 7161, thoſt of lead 6435, thole full of 
quick(iluer 545 3, and choſe of gold 3895. 


2 Inlike bodies of ſeuerallmettalls and equall 
magnitude, ha 
finde the werght of thereſt. 


This propoſition is the conuerſe of the former, the pro- 
ortion not dire, but reciprocall,..whercfore hauing two 
like bodies, rake the giuen weight of the one out of the lines 
of Solids,and to it open the Seftor in the points belonging " 
D S 2 cc 
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the mettall of the other body : ſothe parallell taken from the 
points belonging to the body given, and meaſured in the 
lines of Selrds, ſha}l ginc the weight ot the body required. 

As if a cube of gold weighed 38T.and ic were required to 
know the weight of a cube of lead hauing equal magnirude. 
Firſt ] cake 3Sk. for the weight of the golden cube, our of 
the lincs of Solids, & purit ouer in che points of h belonging 
to lead: ſo the parallel] raken from berweene the points of © 
ſtanding for gold, and incatured inthe lincs of Solrds, doth 
gue the weight of the Jeaden cube required to be23k, 

Thus it aſphere ot gold ſhall weigh 10000, we ſhall finde 
thara ſphere of the tame diameter tull of quick(iluer ſhall 
weigh 7143, a ſphere of lead 6053, alphere of liluce $438, 
a phers of copper 4737, a ſphere ot iron 4210, anda '# 5a 
ot tin 3895s. 


3 Abodiebting giuen of one mettall, to make another 
like untoit, of another mettall, and equall weig nt. 


Take out one of chelides of the bodice giuen, and put it 
ouer 1n the points belonging ro his m -c©rall: ſo che parallel! 
taken trom between the pointes belonging to the ocher met- 
call, ſhall giue the like (ide, tor the bodie required. If it be 
an irregular bodic, let che other like fides be found our in 
the lame manner. 
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Let the bodie giuen be a ſphere of lead containing in 
magnitude 16 P,whoſe diameter is F,to which I am ro make 
a ſphere of iron, of « quall waighr: If I rake our the diameter 
A, and put it ouer in thepointsof H belonging to lead, the 

aralle]| taken from betweene the points of & ſtanding for 
ny ſhall be B, the diameter of che iron ſphere required. 
And this compared with the other dianeter, in the lines of 
Solids, 


Of the lines of Metals. 35 
folids will be found to be 23 d.ia magnitude, 


" Toa bring ginen of ene nettall, to make another 
like onto ut of another mettall, atcor- 
ding toa weight given, © 


Firſt find the ſides of a like bod'e of equall weight, then 
may we either augment or diminiſh chem according to the 
proportion giuen by chat which we ſhewed before 1n the ſe« 
cond and third Prop.of Solids. 

As if the bodie piuen were a ſphere of lead, whoſe diame- 
cer is A, andit were required to find che diameter of a ſphere 
of iron,which ſhall weigh three rimes as much as the ſphere 
of lcad: I take A, and pur ic ouer inthe points of h, his pa- 
rallell taken from betweene the points of 2, ſhall giue me B 
for the diamererof an equall ſphere of iron: if this be aup- 
mented in ſuch proportion as 1 vato 3, it giucth C for he 


diameter requured, 
CHAP 
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Ofth: /iat1enthe edges ofthe Seffor, 
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+ Of the lines onthe edges of the 


CHAP. VL 


k eftor. : 


, A 
x : H Auing ſhewed ſome vſe of the lines 


on the flat ſides of the SeFor, there 


-P remaine onely thaſc on the edges. And 
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I } herc one halfe ofthe ourward wn, is di- 
Y. + uided inco inches , and numbre 
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7 inchcslong, where-we find r and 13, it 


ſhewerh char diuiGon to be x inch from 


farther end of the Sefor, 
© The other halte concaineth a line of 
| leſſerrangentr, ro which the gnomon is 
Radius. T hey arc here continuedeo 7y gr. 
And if chere be necd to produce them 
tarrher, rake 45 out of the n'1mber of de- 
grees as en and double the remain- 
der: ſo the tangent and ſecart of chisdou- 
ble remainder being added,ſhall make vp 
the rawgens of the degrees required. 
| As it AB being che Radius, and BC 
che cangent line, it were required to find 
che tangent of 75 gr. If we take 45 gr. 
out of 75 gr. the remainer is 3ogr. and 
' chedouble 60 gr. whoſe tangent is B D, 

andrheſecant is AD: if 5 x we adde 


] the nearcrend, and 13 inches trom the 
{ 
4 


ADrco BD, itmaketh B C the tangent 

+ of 75 gr.which was required. In like ſort 

the ſecant of 61 gr. added to the tangent 

of 61 er.giucth che rangent of 75 gr.zom, 

and the ſecant of 62 gr. added to the can- 

gent of 62 gr.giucth the rangent of 96 gr. 
| an 
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and ſo in the reſt. The vſe of this line may be 


To obſerue the altitude of the Sunne, 


Hold the Seftor ſo as the tangent BC may be verticall,and 
the gnomon B A parallell to #2 horizon ; then twine the 
nomon toward the Sunne,fo that it may caft a ſhadow vpon 
the tangent,and the end of the ſhadow ſhal ſhew the altitude 
of the Sane. So if the end of the gnomon ar «A, do giue a 
ſhadow vnto H, it ſheweth that the altitude 1s 38 gy. !,it vnto 
D,then 60 gr. and fo in the reſt. 
There 1s another vſec of this rangent line, for the drawing 
of the houre lines vpon any ordinary plane , whereot I will 
ſet downe theſe propoſitions, 


1 Todrawthe houre limes von an horizontal plane, 
2 Toadraw the hogre lines upon 4 direct weriicall plane. 


Firſt drawa rightline AC for the horizon and the equa- 
tor, and crolle it at the point A about the middle of the linc 
with eA B another ri he linc,which may ferue for the meri- 
dian and the houre of 2; then take our 15 gr.out of the tan- 
gents,and pricke them downe in the equator on both {ides 
from 12: ſo the one point ſhall ferue for the houre of 11, and 
the other forthe houre of 1. Againegtake our the tangent wt 
3ogr. andpricke it downe in the equator on both ſides from 
12:10 the one of theſe points ſhall ſerue tor the houre of 10, 
and the other forthe houre of 2. In like maner may you 
prick downe the tangent of 45 gr. for the houres of g and 3, 
and the tangent of 60 gr. for the houres of $8 and 4, and the 
—_— of 75 gr. forthe hourcsof 7 andy. 

r if any pleaſe to ſet downe the parts of an houre,he may 
allow 7 gr.zo v.for cuery halfc hourc,and 3 gr.45 w.tor cuc- 
ry quarter, This done,you are to conliderthe latitude of the 
place,and the qualitic of the plane: Forthe ſecart of the lati- 
rude ſhal be the ſemidiameter in avertical planc,& the ſerant 
of the complement of che latitude in an horizoncall plane. 
For 
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For example, about London the latitude is 51 gy. 3o we. 
and [ct the plane be verticall, If you take A Y the ſecant of 
91 gr.30 mw. out of the Sefor,and pricke it downe inthe me- 
ridian line from A vnto PF, the point / ſhall be the center 
and if you draw right lines from Y vnro 11, and 10, and the 
reſt of the houre points, they ſhall be the houre lines requi- 
red. 

Bnr if the plane be horizontall, then you are to take oue 
A H the ſecant of 38 gr. 30 w. for the ſemidiameter,andprick 
it downe in the meridian line from A ynto H: fo the right 
lines drawne trom the center H vnto the houre points, ſhall 
be the houre lines required; only the houre of 6 13 wanting, 
and that muſt alwayes be drawne parallel! to the equator, 
chrough the center V in a verticall, through the center H in 
' an hor1zoneall plane, 


3 To draw thehoure lines on 4 polar plane. 
4 To draw the houre lines on a meridian plane. 


In a polar plane the equator may be alſo the ſame with the 
horizontall line,and the hourc points may be pricked on as 
before, but the houre lines muſt be drawne parallcll ro the 
meridian. 

In a meridian plane, the equator will cut the horizoneall 
line with an angle equall co the complement of the latitude 
of the place; then may you make choile of the poinr L, and 
there crolle the equator with a right line , which may terue 
tor the houre of 6: ſo thetangent ot Ig gr. being pricked 
do\vnc inthe equator on both lides from 6, ſhal ferue for the 
houres of hue 5 and 7;and the tangent of 3o gr.tor the houres 
of $8 and 4;zandthe tangent of 45 gr.for the hourcs of 3 and 9; 
and the tangent of 6o gr.torthe houres of 2 and 10; 1nd rhe 
rangent of 75 gr.for the houres of 1 and 11. And it you dry 
right lines chrough theſc hourc points, crolhing the equa- 
ror at right angles, they thall be the houre-liges requi- 
red, 
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5 To raw the hourelines ia awerticall de clining place. 


; Tit rony AT the meridian,and AF the horizontal line, 
RE crit onethe other at rivhe atoietin the point A. : 
| 2 Then 
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2 Then take out AY, the ſecant of the latitude of the 
place, which you may ſu>poſeto be 5r gr. 30 m. and prick if 
downe in the meridian line from A vnro /. 

3 Becauſe it is a declining plane, and you may ſuppoſe ic 
to decline 4o gr. Eaſtward, you arc to make an angle of the 
declination vpon the center £F, below the horizontall line, 
and co the left hand of the meridian line, becaule the decli- 
nation 1s Eaſtwward, for otherwiſe it ſhould haue bin to the 
righthand, if the declination had bin Weſtward. 

4 Take A H,the ſecant of the complement of the latitude 
our ofthe SefFor,& pricke it downe in the line of declination 
from A ynto H, as you did before for the {cemidiameter in the 
horizonrall plane, 

5 Drawa line ar full length through the point eLF,which 
mult be perpendicular vato A H, and cut the horizoneall 
line according to the angles of declination, and it will be as 
rhe equator in the horizonrall plane. 

6 Take the houre poinrs our of the Taxgert line 1n the 
Sedor, and pricke them downe in this equator on both lides 
trom the houre of 12 at A. 

72 Lay your ruler,& draw right lines through the center H, 
& each of cheſe houre points: ſo haue you all che houre lines 
of an hor1zontall plane, onely the houre ot 6 15 wanring, and 
that may be drawne through H perpendicular to H A. 

Laſtly you are to oblerue and marke the interſections, 
which theſe houre lines do make with A E the horizoncall 
line ofthe plane : and chen if you draiy right lines chrough 
re center }; and each of chele 1ncertections, they {hal be the 
houre lines required, 


G6 Topricke downe the houre points another way. 


Haing dravwne aright line for the equrtor as before, and 
1made choice of the point A, torthe houre of 12 : you may at 
pleaſure cut of two equal lines A10,and 4 2. Then vpon the 
dittance betwecne 10 and 2, maxean cquilarerall crianole, 


a:1d you ſhall haue B cor che center of your equator, andrhe 
K-23 line 
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line A B ſhall giuethe diſtance from eAtog, and from A to 
2. Thar done rake out the diſtance berweene 9 and 3, and 
tn: ſhall giue the diſtance from B vnto 8, and from 8 vnto 7, 
a1id trom 8 vnto 1: and apaine from B vnto 4, andfrom 4 
vin:og, andfromg vnto 11, So haue you the houre points, 
2nd it you take our the diſtance Ba, Bz3,Bg. &c., You may 
tinde the points not onely for the halte hour 3, bur allo tor 
the quarters. 

Bur 1: it {o fall our, that ſome of theſe houre »oinrs fall our 
of your planc,you may helpc your ſelte by the larger tangent, 
borh in the vercicall, and horizonrall planes. 

For it at the houre points of 3 and 9, you draxy occult lines 

Yarallell ro the meridian ; the dittances D C, betweene the 
hou re line ot 6, and the houre points of 3 and 9,will be equal 
tw rheſcmidiametrer A V ina verticall,and AH in a horizon- 
tall plane, and if they be duidedin ſuch ſort as the line A C 
15 di1ided, you ſhall hauethe points of 4, and 5, and 7, and $, 
with their halfes and quarrters. | 

As in the horizontall plane, take out the ſemidiameter 
A H, and makeir a parallell Radius by fitting it ouer in the 

fnes of go and 90 : Then take x5 gr. out of the larger rawgent, 
aid lay them on the lines of fines, where they will reach trom 
the center vnto the ſinesof x5 gy. 32 wv. therefore take out 
the parallell line of 15 gr. 32 99. andirt ſhall giue the diſtance 
from 6 vnto 5, and from 6 ynto 7, in your horizontall plane, 
That done take out 3ogr. out ot the larger rangent, and lay 
them on the ſmes, from the center vnto the fines of 35 er, 
16 mm, =nd the parallell line of 35 g. 16m. ſhallgiue you the 
di{tance from 6 vnto 4,andfrom 6 vnto 8,1 your horizontal 
plane. The like may be done for the halte hourcs and quar- 
ters. 

Soalſo in the verticall declming planc.If you firſt take out 
the{ecans of the declination of the plane, and prick it downe 

1nthchor:ontall Ine from A vnto E, and through E draw 
r1ghr lines parallell to the meridian, which will cut the for- 
merhoure lincsof 3 andg, or one of them in the point C: 
then take out the ſemidiameter A V, and prick it downe in 


thoſe 
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thoſe parallells from C vnto D, anddraw right lines from A 
ynto C,and from V vato D ;the line V D ſhall be the houre 
of 6, andif you diuide theſe lines A C andD C, in ſuch fort 
as you diuided the l:ke line DC in the horizoncall plane, 
you ſhall haue all the houre points required. | 

Or you may find the point D,in the houre of 6, wichour 
knowlcdpe either of 1 or C. For hauing prick dovwwne A 
in the mcridian line, and A E in the horizontall line, and 
drawne parallels tothe meridian through the ports ac F, 
you may take the #4ngext of the latitude out of the Sedtor,and 
fir it ouer in the (ines of 90 and go: {vo the parallell fine of 
che declination mealured in the ſame eargere line, ſhall there 
ſhew the complement ot the angle DVA, which the houre 
line of 6 maketh with the meridian; then haino the point 
D, take out the ſemidiamererVA, and pricke ir downe in 
thoſe parallels from D vnro C : lo ſhall you haue the lines 
DC and A Cto be diuided as before. 

The like might be vicd tor the houre lines vpon all oche1 
planes, Bur I mult not write all char may be done by the Se- 
for.It may lufhce that I have wrote foinething of che vic of 
each line,and thereby giuen the ingenuous Reader occalion 
co thinke of more. 


The conclulion to the Reader. 

T «u well knowne to many of you, that this Settor was thus con- 
| Evo the moſt part of this booke written in {1tin, mary Copics 
wranſcribed and diſpericd more then ſixteene yeures ſince. | am at 
the laſt contented to gine way that it come forthin Engltſh. Not 
that 1 thinke it worthy either of my [abour or the publique view, bus 
partly to ſatirfy their importunty, who not underſtanding the I, 4 
tin, yet were at the charge to buy the inſtrument, and partly for my 
owne eaſe. For 4s it 1:1Painefull for others to tranſcribe my copie, 
ſo it 15 troubleſome for me to gine ſatisfultion herem to all that de = 
fire «8. If 1 fonde this to ging youcontent, it ſhall inconrage me to dv 
the like for my Croile-itatte, and ſome other Inſtrumer#s, In tbe 
meanc time beare with the Printers fanlts, and/o 1 reſt. 
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FIRST BOOKE OF THE 
CROSSE-STAFFE. 


CHAP. L 
Of the deſcription of the Staffe. 


RE & He Croſſe-Staffe is an inſtrument wel knowne 
2M Fad to our Sea-men, and munch vſed by the anci- 
(L122) cnt Aſtronomers andorhers, ſcruing Aſtro- 
q ; nomically for obſeruation of altitude and an- 


| | 
MAL ER glecs of diſtance in che heauens, Geometri- 


=_ == cally for perpendicular heights and. dittan- 
ceson land and ſea. 

The deſcription and ſeuerall vſes of it are extant in print, 
by Gemms Frifiu in Latin, in Engliſh by Dr, Hood, I differ 
ſomething from them both, in the proie&ion of this Sraffe, 
bur ſo,as their rules may be applied ynto it,and all their pro- 
poſitions be wroug hr by it: and therefore referring the Rea- 
der to their bookes, I ſhal be briefc in the explanation of char 
which may be applied from theirs vnto mine, and ſo come 
rothe vſc of thoſe lines which are of my addition,not cxtanr 
heretofore. - | 

The neceſſary parts of this Inſtrumeat are fiue: the Sraffe, 
the Croſſe, and the three fghrs. The Staffe which I made tor 
my owne vſc,is a full yard in length, thar foit may {cru for 
meaſure, 
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2 The deſcription of the lines. 

- The Crolſe belonging tot is 26 inches; betweene the 
two outward fights. It any would hauc it in a greater forme, 
thr proportion berweene the Staffe and the Croile, may be 
ſuch 25 366 vnto 262. 

The lines inſcribed on the Staffe are of foure ſorts, One of 
them ſcrues for mealure and protraction : one for obſerua- 
tion ofanglcs: one for the Sea-chart; and the toure other for 
working of proportions in {euerall kinds. 

The line of meaſure 15an mc line,and may be knowne by 


his equall parts. The whole yard being diuided equally into 


- 36 inches, and each inch ſubdiuided,firit into ten parts, and 


then each tench part into halfes. 

The linc for obſcruation of angles may be knowne by the 
double numbers ſet on both fides of the line, beginning ar 
theone (ide at 20, and cnding ar 90: on the other lide at 4o, 
and endiny at 180: and this being diuided according to the 
degrees of a quadrant, I call it the tangent line on the Staffe. 

Thenex: linc 15 the meridian of a Sea- chart, according to 
Aercators proiction trom the Equinoctull co 58 gr.of lati- 
rude, and way be knowne by the letter AZ,and the numbers 
1.2. 3.4. vnto 58. | 

The lines for working of proportions, may be knowne by 
their vnequall diuifions,and che numbers at the end of cach 
line. 

: The lincof n#mbers noted with the letter N, dinided vn- 
equally inco 1090 parts,and pumbred with 1.2.3.4. vnto 10. 

2 Theline of artificialltangents 1s nored with the letterT, 
cuiced vnequally inro4y degrees,and numbred both ways, 
tor the Tangent and tire complement, 

3 Theline of artificial fines, noted wirh the letter S, di- 
uided vnequally into go degrees,aud numbred with 1.2.3.4, 
Vnto 90. 

4 Theline of wver/ed fines for more ealie finding the houre 
and azimuth , noted with V, diuided vnequally into about 
164 g7. 50 m.numbred backward with 10.20.30.vnto 164. 

Thus there are ſcuen lines in{cribed on the Staffe ; there 
arc fiue lines more inſcribed on the Crolle, 


1A 


The inſcription of thelines, 2 

ns: A Tangenc line of 36 gr. 3 ww. numbred by 5.10.15. 
wnto 35 : the midſt whereof 1s ar 20 grz and therefore I call it 
che rangent of 20; and this hath reſpe& vnto 20 gr.in the Tay 
gent on the Staffe. | | 

2 A Tangcntline of q99gr.6 m.numbred by 5.10.15.vn- 
to 45s; the midſt whereot 15 at 3 ogr. and harh reſpect vnto 
3ogr.in the Tangent on the Statfe, whereupon I call ic the 
tangent of 30, | | | 

Aline of *nches rumbreduwich r.2.3.vnto 25;each inch 
equally ſubdiuided inco cen parts,an{werable roche inch line 
vpon the Staffe. 

4 Alinecof ſcuerall cbords, one anſwerableto a circle of 
ewelue inches ſemjdiameter, numbbred with 10.20.30. vata 
60: anorher to a femidiamerer of a circle of (ix inches ; and 
che third to aſemidiamcrer of a circle of three inches ; both 
numbred with 10.20.30.vnro go. 

5 A continuation of thc meridian line from 57 gr. of [a- 
titude vnto 76 gr; and from 96gr.to 84 gr. 

For the inſcription of theſe Lnes. The firſt tor meaſure 1s 
equally diuided into inches and tenth parts ot inches. 

The tangent on the Statte tor obſeruation of angle<,w'th 
tho tangent ot 20 andrhe tangent ot zo on the Cratle,may 
all chree be inſcribed out of che ordinary table of tangents.The 
Stafte being 36 inches 11 length; che Radius tor the tangent 
on the Statte will be 13 inches and 103 parts ot 1000: lo the 
whole line will be acangent ot 70 gr. and muſt be numbred 
by their complements, & the double ot their complements, 
the rangent of 10 pr. being numbred with Bo and 160. 

The Radius torthe tangent of 20 on the Crolle, will be 
36 inches,and the whole line berweene the lights a tangene 
of 36 gr. 3. maps as it 15 numbred, Tlic Radius tor che 
tangent of 30 gr.on the Croile, will bc 22 inches and 69g 
parts of 1000: fo the whole line berweene the fights wil con- 
taine a tangent of 49 gr. 6m, 1nſ{uchtore, as thy grc anun- 
bred, | Ee 

The mcridian line may be inſcribed one of the Table 
which 1 tee done tor thnspurpole in thie,yts of the Men 
a4 The 
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4 44% 4 The wſe of the fines of inches 


ts = The line of numbers may be inſcribed our of the firſt Chi. 
9... J: 1 of MF, Breggs Logarithmecs: & the reſt of the lines of pro- 
Fl F poryon out of My Canon of artificial ſines and Iangents; and in 
| [ recompence thereof this booke wall ſerue as a comment to 
bt. cxplane the vſe of my Canon. : 

gf 

8 CHAP. II. 

Wo The -oſe of the lines of inches for perpen- 
a, icular heights and diſtances. 

©. : 

4 I raking of heights and diſtances, the Staffe may be held 
24, in juch ſort, that ir may be cuen with the diſtance, and 
gulk the Crofle parallel! with the height: and then if che eye at 
; \ Py the beginning of the Staffe ſhall ſee his marks by the inward 
F-7 .: \ ſides ot the two firſt ſights, there will be ſuch proportion be- 
Bak | tweene the diſtance and the height, as is berweene the parts 
f 3 - Incercepted on the Staffe and the Crolle. Which may be far- 


ther explaned in theſe propolitions, 


1 To find an height at one ſtation, by knowing 
the d:ſtance. 


Set the nmddle ſight ynto the diſtance vypon the os, 
the 
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for heights and diſtances. 5 
the height will be found vpon the Crolle. For 
As the ſegment of the Safe 


vntothe ſegment on the Crotle: 
So is the diſtance giuen, 
vnto the height, 


As if the diſtance A B being knowne to be 256 feere , ic 
were required to find the height B C: kirit I placethe mid-le | 
ſight at 25 inches and 6 pares of 10; then holding the Staffe 
Jeuell with the diſtance, I raiſe che Crofle,parallell vnco the 
height, in ſuch ſort,as that my eye may ſce from eA the be- 
ginning ofthe inches on the Staffe by the ſight E,ar the be- 

inning of the inches on the Crotle vato the mark C:which 
being one, if I find 19 inches and 2 parts of 10 intercepted 
on the Crolle berweene the lights at E and ÞD, I would ſay 
the height B C were 192 feete. 

Or it the obferuation were to be made before the diſtance 
were meaſured, I would 1ct the middle light either vnco 10 
inches, or 12,0r16,0r 20, or 34, or ſome tuch other number 
as might beſt be diuided into ſeuerall parts, and then worke 
by proportion. As if inthe former example the middle light 
were at 24 on the Staffe,and 18 on the Crotle,it ſhould tecin 
that the height 15, of the diſtance;1nd therefore the diltance 
being 256, S height ſhould be 1 92. | 


2 To finde as height, by knowing ſame part 
of vs, A herght. x , 


As if the height from G to C were knowne to be 48, and 
it were required to find the whole height B C: either put che 
third ſight or ſome other running ſight vpon the Crolle 
berweene the cye and the marke G. For then 


As the difference betwcene the ſights, 
vnro the whole ſegment of the Crotle: 
Sois che pu of the height giucn, 
vnto the whole height, 


** If then the difference betweene the fights E and P, ſhall 
a 3 be 


c The ſe of the lines of inches 
be 45, and the ſegment of the Crotſe E D 180, the whole 
height B C will be found co be 192, 


3 To find anhright at two ſlations, by knowing the 
adrfference of the ſame ſtations. 


As the difference of ſegments on the Staffe, 
vnco the difference of ſtations: 

Sois the ſegment of the Croſle, 
vnto the height, 

Suppole the firlt ſtation being at H, the ſegment of the 
Croiſe E D were 180, and the ſegment of the Staffe H D 
300 : then coming 64 tecte nearer vnto B,in a dire@ line,vn- 
to a ſecond ſtation at A, and making another obſeruation; 
ſuppoſe the {egment of the Crofle E D were 180 as before, 
and rhe ſcoment oft the Statfe A D 240; rake 240 our of 30a, 
the difference of ſegments will be 60 parts. And 

As 6o perts vnto 64 the difference of ſtations: 
SoDE 380 vnto BC 192 the height required, 
In theſe three Prop. there 1s a —— to be had of the 
height of the eye. For the heighr mcaſured,is no more then 


from the leue]l of the eyc vpward. 


4 To find 4 diſtance, by knowing the height, 


Ac the ſegment of the Crolle, 
vnto the ſcgment of the Statte: 
So 15 the herghr giuen, 
vnto the diſtance. 
So the ſegment E D being 18, and DA 24, the height 
CB 192,will ſhew the diſtance A B to be 2;6, 


5 To find a diſtance,by knowing part 
of the height. 


As the aifterence ber:veene the lights, 
vnto the {egmenr of the Staffe: 


So 


for heights and diſt ances, 7 


So i3 the part of che height giuen, 
vntothe diſtance. 
And chus che difference betweene E and F being 45, and 
the ſegment D A 249; the parc of the height GC 48, will 
gue the diſtance A B to be 256. 


6 To finde a diftance at two ftations, by knowing 
the difference of the ſame ſtations, 


Asthe difference of ſegments on the Staffec, 
vnto the difference of ſtations: 

So is the whole ſegment, 
vnto the diſtance. 

And thus the ſegment of the Crolle being 180, the ſeg- 
menr of t]te Statte ar the firlt ſtation 240, at the {ſecond 300, 
the difference of the ſegments 60,G& the difference of ſtations 
64, the diſtance A B at che firik ſtation will be tound to be 
256, and the diſtance H B ar the ſecond ſtation 3 20. 


7 To faid a bredth by knowing the diſtance per- 
pendicular tothe bredth. 


This is all one with the firſt Prop. For this bredch 1+ but 
an height rurned lidewayes : and « 157-50 
As thetegment of the Statte, 
vnto rhe ſegment of the Crotle: 
So 15 chediitance 
vnco the bredth, 
And thus the ſegment of the Staffe being 24,and the ſeg- 
ment of the Crotle 18, the diſtance A B 256, will gue the 
bredth B C co be 192. 


8 To findabreadth at twoſiationsinaline perpen- 
drcular to the bredth by knowing the diſ[e- 
rence of the ſame lations. 


This is allo the ſame with the third Prop: and gh1exrctore 
As 


<= we 7 = 


— 
9 
ON 
No 
NI 


3 Of taking of bredths. 


As the difference of tegments on the Staffe, 
wnto the difference of ſtations: 

So the ſegment on the Crofle berweene the ewo ſights, 
vnto the bredth required. 

And thus thr difference berweene the ſtations at #4 and H 
being 64. t.1e difference of ſegments on che Staffe 60, the 
ſcgmentr ct che Crolle 180, the bredcth B C will be found 
to be I92. 

In I1k- maner may we finde the bredth GC for hauing 
found ihe bredch BC the proportion will hold. 

AsDEuvnro FE, ſo BC vnto GC. Or otherwiſe, 

A$S'is vitoHA. foFE vntoGC. 

' Neither is it materiall whether the two ſtations be choſen 
at che one end of the bredth propoſcd,or withour it,or with- 
in 1t,if the line betweene the ſtations be in; 00 50g vnro 
the bredth: as may appcare if in ftead of rhe ſtations at A and 
H,we make choiſe of the like ſtations at /and K. 

There might be other wayes propoſed to work theſe Prop. 
by holding the Croſle cuen with the diſtance,and the Stattc 

arallcll with the height: bur theſe would proue more trou- 
bleſome, and thoſe which are deliuered are ſuſhcient, and 
che1amie with thoſe which others hauec ſer downe vnder the 
name of the Iacebs fteffe, y 


CHAP: 


The-oſt of the Tangent ues. 
CHAP. IIL 


The -vſe of the Tangent lines 
im taking of Angles. 


:Þ af NF) 


1 To find an awgle by the Tangent 
_... the Stoffe. 
| che middle ſight be alwayes ſet to the middle of che 


Crolle , noted wich 20 and zo, and then che Crofle 
b drawne 


10 Th aſe of the Tangent lenes 


drawne nearerthe eye, vntill the marks miy be ſeene cloſe 
within the ſights. For ſajf the eye at &(that end of rhe S:atfe 
which is noted with go and 1$0)b:holding che marks K and 
N, becwerne the ey firtb fights,:Cand B, or che marks K 
and P berweene the two ourward fights, che © rote being 
drawne downe vnto H, fhall tand at 3o and 60, in the Tan- 
gent on the Staffe: it ſheweth that the angle KAN is 30 gr, 
theangle K A Þ 60 gr. the one double to the ocher ; which 
1s the reaſon of the double numbers on rh11s line of the Staffe: 
and chis way wil ſerue for any angle from 20 gr.toward go oy. 
or from 4o gr.toward 180 gr. But it che angle be letle then 
20 gr.we muſt chen make vſe ot the Tangent vps che Crofle, 


2 To find an angle by the Tawgent of 20 
wpon the Croſſe. 


Set 20 vnto 20, that is, the middle ſight to the middeſt of 
the Crotle at the end of the Staffe,nored with 20: ſo the cyc 
at F,beholding the marks L and N,clole betweene the two 
firit ſights,C and B,ſhall ſee them in an angle of 2o gr. 

If the marks ſhall be nearer crogether, as are Mf and N, 
then draw in the Crolle from C vnto E : if they be farther 
aſunder, azare K andMN, then draw out the Croile from C 
vnto F; ſo the quantirie of the angle ſhal be (till found in the 
Crolle inthe Tangent of 20 gr. ar the end of the State; and 
this will ſerue tor any angle trom ogr.roward 35 gr, 


3 To find an angle by the Tangent of 30 
wpon the Croſſe. 


This Tangent of 30 15 here put the rather, that the end 
of the Stafte reſting ar the eye, the hand may more caljly re- 
nioue the Croſſe: for it ſuppoferh.the Radwsto be no lon- 
gerthen A H, which isfrom the eye at the end of the Sraffe 
vnto 30 gr.about 22 mches and F parts. Wherctorc here ſet 
the middle fight vnto 3ogr.on the Staffe, and then either 


day the £rolle in or our,vatill the marks be ſeene berween 


the 
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17 taking of angler. _ 
the two frſt ſights ; ſo the quanrtitie of the anyle will be 
found in the Tangent of zo, which is here repreſented by 
thelne GH; andthis will ſerue for any angle tromo gr.to- 


ward 48 gr. ei 
4 To obſerat the altitude of the Sunne backward, 


Here it is fir to hanic an horizontail (ightr ſer ro the begin. 
ning of the Statte, ana chen way you turne your backe to- 
ward the Sun, and your Crolle toward your eye, It the alti- 
eude be vnder 4s gr. {ct the middle fight to 3e 5n the $::tfe, 
and looke by the middle fight through the horizontall vn- 
ro the horizon, mouing che Crotle vpward ordown ward, vn- 
ill che y 4 wy light doe ſhadow che vpper halfe of the hort- 
zontall ſight: to thealcitude will be tound in che Tangen: 
of 30. 

It che altitude ſhal be more then 45 gy.ſer the middle figlic 
ento the middeft of the Crolle,and look by the inward edge 
of che lower ſight through che horizontall ro the horizon, 
mouing the middle fight in or out, varill che vpper fight do 
ſhadew the vpper halte of the horizontall ſight : lo the alti- 
_ way be found in the degrees on che Staffe betweene 40 
U1d 1809. 


5 To ſet the Staffe to any angle given, 


This isthe converſe of the former Prop. For if the middle 
ſight beſer to his place and degree, the eye looking cloſe by 
che fights as betore , cannot but ſee his obie in the angle 
grucn, 


6 To 0bſtruc the altitude of the Sunne another way. 


Set the middle ſight to che middle of the Crotle,and ho!d 
the horizoncali lizht downward, ſo as the Crotle may'b+ ra- 
raileIl eo che horizon, then is the Statte verticall ; and t .he 
outward [;pht ofthe Crotle do ſhadow the hurizoncall igh:, 
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y3 The wſe of the Tangent lines. 


che complement of the alcirude wil be found inthe tangent 
on the Staffe, 


7 Toobſerue an altitude by thread and plummet. 


Let the middle ſight be ſer tothe middeft of the Crolle, 
and to that end of the Staffe which is noted with go and 180; 
then having a thread anda plummet ar the beginning of the 
Crolle,and turning the Croile vpward,and the Staffe toward 
the Sunne, the thread willfall on the complement of the al- 
ticude aboue the horizon, And this may be applicd to other 
purpoles, 


8 Toapp/y the lines of inches to the taking 
of angles. 


If che angles be obſerued betweene the rwo firſt ſighes, 
there wil be ſuch proportion between the parts of the Sraife 
and the parts of the Crotle, as berweene the Radius and the 
Tangene of the angle. 

As if the parts intercepted on the Staffe were 20:inches,the 
parts on the Crolle 9 inches. Then by proportion as 20 vnto 
9, {o 100000 vnro 45000 the tangent of 24 g7.14 w. . 

Bur if the angle ſhall be obſerued berweene the two out- 
ward (ights,the parts being 20 and 9 as before,the angle will 
be 43 gr.28 #v.double vnto the former. 

In all theſe there is aregard to be had to the parallax of the 
eyc,and his height eboue the Horizon in obſcruationsar Seaz 
co the Semidiameter of the Sun, his parallax and refraion, 
as in the vſc of other {taues. And lo this will be as much, 
or more then that which hath beca heretofore performed 


by the Croſſe-Plaffe. 
CHAP, 


The ſe of the lines of Chords. 


CHAP. IIIL. 


The.-oſe of the lines of equall parts 
zoyned with the limes of Chords. 


T2 lines of equall parts do ſerue alſo for protrattion, as 
may appeare by the former Diagrams;but being ioyned 
with the lines of Chords, which I place vpon one (ide of the 
Crolſle, they will farther ſerue for E 2 protraction and reſolu- 
tion of right line triangles; whereof I will gine one example 
in finding of a diftance at two tations otherwiſe then inthe 
ſccond Cap, 


Let the diſtance required be A B.At Athe firſt ſtati5 I make 
choiſe of attarion line roward C,and obſeruc r!h1* anvle BAC 
by the tangent lines, which may be 43 gr.20 wm; then hauing 

on an hundred paces toward C, I make wy \ccond ſtation 
at D, where ſuppoſe I find che angle B D C wo ue 58 yr. as 
dg the 


14 The wſe of the lines of Chords. 


theanvle BD Atober22 gr; this being done, I may fi:1de 
the diſtance A B in this maner. 

r I drawarighcline AC, repreſenting the ſtation line, 

2 I rake 100 out of the lines of equall parts, and pricke 
them downe from A the firit ſtation vnto D the ſecond, 

3 I open my compalles to one of the chords of 60 gr. 
and letting one toote 11 the point ef, with the other 1 de- 
ſcribe an occult arke of a circle interſcting che {tation hne 
1 E. 

4 I take out ofthe ſameline of chords a chord of 43 gr. 
20 mn. (becauſe {uch ws the angle at the firtt ſtation) and 
e113 I 1n{cribe 1nco that occult arke trom E vnto F, which 
makesthe angle F A D equall to che angle obſcrued at the 
hkrit (tar1on, 

5 I deſcribe another like arke vpon the center D, and 
inſcribe inco it a chord of 58 gr. trom C vntoG, and dr.'y 
the right lne DG,which doth meet with the ocher line 4 F 
in che point B, and makes the angle BDC ecquall ro the an- 

A . , , 
glc oblerucd at the ſecond ſtation. $o the angles in the Dic- 
gram being equall co the angles in che field,cheir ſides wil be 
alſo proportionall : and therefore, 

6 I cake out the line A B with my compalles, and mea- 
ſuring it in the ſame line of equall parts,from which I cooke 
A D, I hndit to be 33s, and ſuch 1s the diſtance required, 


CHAP. 


The w/e of the Meridian line. Is 
-  "QUAP. V. 
The wſe of the Meridian line 
x T He Meridian linen oted with the letter Af,may.ſerue 


tor the more eafjc diuiſion of the plane fea-chart, ac- 
cording to Mercator proiettion. For if you ſhall draw paral- 
Icell meridians, each degree being halte an inch diſtant from 
other , the degrecs of this meridian lie on the Staffe, ſhall 
ec the like degrees for the meridians on tlie charr,trom the 
EquinoRiall roward the Pole : andthen it through theſe de- 
rees you draw ſtrerght lines perpendicular to the 1neridians, 
they ſhall be parallels of Jatitude. 

It any defire to haue the degrees of Tis chart larger then 
choſe wh1ch I haue pur on the Statfe, he may take theſe and 
increaſe them in a double, or treblc,or a decuple proportion 
at his pleaſure, 

2 Thismeridiay line being 10yned with the line of chords, 
may ſerue forrhe protraction & refolution of ſuch +ghr line 
triangles as concerne latirude,longitiide, rumb and diſtanoe 
in the practiſe of nanigation. As may appeare by this exam- 

e. | 
4 Suppole twoplaces giuen, A in the latitude off 5o gr. D 
in che latirude of 52 gr, :, the difference of lonomude be 
twecne them being 6 gr. and let ic be required to know,firit 
whac Rumb leadeth trom the one place co the other;ſecond- 
ly how many degrees diſtant they are atunder. 

z TI drawarightline AE, repreſentiny rhie paralleil of 
the place trom whence ] deparr. 

2 I rake 6gyr..or the difference of lonewude, either out 
of the line of hes, allowing halte an inch tor eucry degvec, 
or out of the beginning of i meridian line; ( for there the 
meridian degrees differ very little trom che equino(tull de- 
grees) aud cheſe 6 gr.] pricke downe in the paralle!ltrom 4 
wE, 

3 InAmde,I :rett two perpendiculars, AMandeED. 
repreſenting the meridians $5 cr places. 

4 
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4 [| take the difference of latitude from gogr. to F 
gr. 30m.ourt of the meridian linc, and pricke it downe in the 
meridians from A vnto M,andfrom E to D, and draw the 
rightline MD forthe parallell of the ſecond place, andthe 
right line A D for the line of diſtance berweene both places: 
fo the angle MA D ſhall giue the Rumb that leadeth from 
the one place to the other. 

5 To finde the quancritie of this angle MA D, I may ei- 
thcr make vic of the Protraor, orelle of a line of chords, 


 andſoI open my compaſles vnto one of the chords of 60 gr. 


and ſerting one foote in the point F, with the other I de- 
{ſcribe an occult arke of a circle, imtcrſeing the meridian in 
F, and the line of diſtance in G; then I 4 the chord FG 
with my compaſſes, and meaturing it in the ſame line of 
chords as betore,1 find it 56 gr.z: andiuch is the inclination - 

cnc 
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required, ; 

6 Tofind the quancitie of the line of diſtance A D,I take 
it out with my compatlles, and meaſuring it in the meridian 
line, ſecting one toote beneath the Iefſer latirude, and the 0- 
cher foore as much aboue the greater laticude, I find about 
4 gr. intercepred berweemborh feerzand fuch 1s thediſtance 
vpo the Rumbgwhich 15 the ſecond ching chat was required. 

But if this example were protracted according to the com- 
mon Sea-chart, where the degrees of the equinottall and 
meridian are both alike; the Rumb M AD would be found 
co be aboue 67 gy. and A D the diftance vpon the Rumb a- 
bour6 gr.z. | 

eg c farther, that hauing ſet forth from A roward D, 
vpon the tormer Rumb of 56gr.1i5w.N Eb E, atcer che ſhip 
had runue 36 leagues, the wind changing,it ran 50 leagues 
more ypon the ſeuenth Rumb of Eb N, whole inclination 
ro the meridian 1578 gr.45 m. Andler it berequired ro know 
whar wag ts and latitude the ſhip 15 1n, by pricking down 
the way thereof vpon the Chart. 

Hauing dravwne a blankecharr as beforc, with meridians 
& parallels,according to the Jatirude ot the places propoſed. 

1 Iwouldmakeanangle MAD of 56 gr.15 m. forche 
Rumb of XN E6E, which 1s done atter this maner : I open 
my compalles to one of the chords of 60 gr. and ſetting one 
foore in the point , with the other I deſcribe an occult ark 
ot a carcle,interſeting the meridian in F; then T take 56 gr; 
15 9, out of the'{ame line of chords,) and pricke them downe 
trom F vatoG : fo the right line AG ſhall be the Rumb of 
NEbE. ; 

2 I wouid take 361leagnes out of the meridian line, ex- 
tending my compalles from 50 gr. tor gr. 48. of rather 
from as much below go as abone 5r, and prick them downe 
ypon the Rumb from Avnto /; ſo che point /,ſhal repreſent 
the place whercin the ſhip was when che wind changed. And 
this is inthe latitude of 51 gr. 0 #, andin the longitude of 
2 £7.21 w.Ealtward trom the meridian A AL. = : 

- 3. BY 


The vſe of tha Meridian live. I7 - 


cheRumb to the meridian, which is the firſt thing that was 
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3 Bytheſamereaſon, I may draw the right line 7 X for 
the Rumb of E6N, and pricke downe rhe diſtance of 50 
leagues rom 7 vnro K: {o che point K thal repreſent che place 
whihcr the ſhip came,after the running of theſe 50 leagues: 
and this is in the latirude of 51 gr. 30 #5. and in longirude 
6 gr.16 ms. Eaſtward from che firftt meridian A 1, and there- 
fore 16 ms. Eaſtward from the ſecond meridian E D. 

But 14 cheſe rwo courſes were to be pricked downe by the 
common ſea-chart, the point 4 would fall in the latitude of 
F1gr.0m.and thepoine K 1n rhe [atirude of 51 gr. 30 ms, Bur 
che longitude of { would be onely 1 gr.z0m. and the longi- 
eude of K oncly 3 gr.5 7 w. which 15 33 # Weſtward from the 
meridian of the place to which the = was bound. 

Such 15 the difference berweene both thelte charts, 


CHAP. VI. 
The ſe of the line of Numbers. 


1 Having two numbers giuen to find a third in conti- 
vuall proportion,a fourih,a fift,and ſo forward, 


Xrendihe compalles from the failt number vnto the ſe- 
| 2 apr then may you turne them, trom thelecond to the 
third,and from che third tothe fourth, and fo torward, 

Lec the ewo numbers giuen be 2 and 4. Excend the com- 
palles from 2 to i then may you turne them trom 4to 8,and 
from$ ro 46, and trom 26to 32, andfrom 32 to 64,and from 
64 to 128. 

Or if the oneGore of the compalles being let to 64, the 
other fa}] out of the une, you may lcra3t to another 64 ncarcr 
che þcginning ot che linc,and there che ocher foor will reach 
ro 128, and trom 128 you may turne them to 256, and fo 
forward. 


Or if the two firſt numbers giuen were 10 and 9g: extend 


, the compaſles from 10 at the end of the line,backe vnto g, 


rhen may you curac them tromyg vnto 8.2, and from 8.1 
vnto 


Thewſe of the line of Numbers. ro 
vnto 7.29. And fo it the two firſt numbers gruen were r and 
9, the third would be found to be 81, the tourth 729, with 
rhe ſame extent of the compalles. | 

In che ſame maner, if the two firſt numbers were ro and 
12, you may finde the chird proportionall to be 14. 4, che 
fourth 19.28. And wich the ſame cxtent of the compalles,if 
the rwo frit numbers were and 12, the third would be 
found to be 144, and the fourth to be 1728. 


2 Haning two extreme numbers ginen, to find 
a meane proportional betwcen hem, 


Diuidethe ſpace betweene the extreme numbers jnto rwo 
equall parts, and the foote of the compatlles will ſtay at che 
meane proportionall. So the extreme numbers given being 
8 and 32, : meane berweene theni will be tound to be 16, 
which may be proued by the former Prop.yvhere it was ſhew- 
cd,thatas$ro 16, ſoarc 16 to 32. 


3 Tofindthe ſquare roote of any number given, 


The ſquare roote 1s alwayes the meane proportionall be- 
tweenc1 and the number giucen, and rheretore ro be found 
by dwiding the ſpace betwvcenechem into two equall parts. 
So the roote of 9 15 3, and the roote of 81 159, and the roote 
of 144 1$ 12. | 


4 Hauing twoextreme numbers giuen, to find 
two meane proportionals between them. 


Dinide the ſpace betweene the two extreme numbers gi- 
uven,inro three cquall parts. ASif the extreme mumbers giuen 
were$ and 27, diuide the ſpace hetwecne them into three 
equall parts,the feet of the compatlics will Rand in 1 2 and 41S. 


5 To findthe cubique roote of a number giuen. 


The cubique roote isalwayes the firſt of two mcanc pro- 
C & pPOr- 
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portionals berweene 1 and che number giuen,and therefore 
to be found by diuiding rhe ſpace berweene them into three 
ig a | 
So the roote of 1728 will be found to be 12. The roote of 
17230 is'almoft 26: and the roote of 172800 15 almolt 56, 


6 To multiply one number by another, 


Extend the compallcesfrom 1 tothe mulriplicator;the ſame 
extent applied the {ane way, ſhall reach from the n!1up't- 
cand to the produdt. 

As if the pumbers to be multiplied were 25.and 30:erther 
extend the compalles from 1 to 25, and the ſame extent will 
gue che diſtance from 3o ro 750; or extend them trom x to 
3o,and the ſame extent {hall reach trom 25-to 750, 


7: To divide one number by another, 


Extend the compatlles from the diuifor to 1, the ſame ex- 
cent ſhall reach fromthe diuidend to the quorient, 

Soif 750 were to be diuided by 25, the auorient would 
be tound to be 30. 


$ Three numbers being giuen to find 
a fourth proportional. 


This golden rule, the moſt vicfull of all others, is perfer- 
med witty ike caſe, For «xtend the compattes trom the firit 
number to the ſecond,the fame extent ſhall giue the diſtance 
trom the third to the tourth, 

As for example,the proportion betwcen the diameter and 
the circumference,is ſaid ro be ſuchas pro22: if the diame- 
ter be 14, how much 1s the circumference ? Extend the com- 
pallestrom 7 to 227, the ſame excent ſhall giue rhe diſtance 
from 14 t044: or excendthem from 7 to 24, andthe ſame 
extent ſhall reach from 22 to 44. 

Ficher of theſe wayes may bg tried on ſeuerall Foes 

c N15 
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ehisline z but thar place is beſt, where the feere of the come 
palles may ſtand near-ſt together, 


9 Three numbers be ng einen to finde a fourth 
in a dupiteated proportion, 


This propoſition concernes queſtions of proportion be- 
eweene lines and ſwperfirtes; where it the denomination be of 
linee,exrend the compatlles from the firit ro the ſecond n1m- 
ber of the ſ\me denomination : ſo the {ame extent being 
doubled,ſhall giue che diſtance trom rhe chird number vnco 
the fourth. 

The diameter bcing 14, the content of the circl* 15 154: 
the diameter being 28.what may the content be? Exrend che 
compatſesfrom 14 to 28, the ſame extent doubled wiil reach 
from 254 to 616. For k;rit it reacheth from 154 vnto 308;and 
turning the a2 ages once more,icreacheth trom 308 vnto 
G16: and this 15 the content required. 

Bur if the firit denomination be of the ſuperficiall con- 
tent, excend the compulles vneo the halfe of he dntance, he- 

weene the firlt number and che ſecond of the fame denomi- 
nation : fo che ſame extear ſhall gine the diſtance from the 
third ro the rou: 11, 

The content ot a circle berng 154,the dramcter is 14 :che 
content berg 616, what may the diamerer be  D:uaige thic 
diitance berweene 154 and 616 into two equall pzrts, then 
ſer one foote in 14, rhe other will reach to 28 the diam 
ter required. 


10 Threenumb*rsbiingoiutn to find 4 fourts) 
in 4 Iriplicated propertion, 


This propolinon concerneth queſtions of proportion be- 
twecne lines and ſalids;where it the firit denormnation be of 
tines, exrend the compalles from che firtt number co the ſe- 
condot the ſame denomination: ſo the cxcent being tripled. 
thali giueche diftance tro che third number varo the fourth, 

| C4$- Suppalc; 
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Suppoſe the ctameter of an iron buller being 4 inches, the 
wavkre it was 9 : the diameter being 8 inches, what may 
dic wogi be? Extend the compallesfrom 4 to 8, the ſame 
extent being tripled, will reach from 9 vnto 72. For firſt it 
reacheth trom 9 vnto 218;then trom 18 to 36;thirdly from 36 
tw 72. And this is the weight —_ 

Bur if the firſt denomination ſhall be of the Solid content, 
or of the weight, extend the cowpalles toa third par: of che 
dnitance berweene the firſt number and the ſecond of the 
{une denomination: ſo che ſame extent ſhal giue the diſtance 
trom the third number vnto che fourth, 

The weight of a cube being 72 Þ, cheſide of it wasB in- 
ches: the weight being 9 k, what may the [ide be? Diuideche 
diſtance betiweene 72 and 9,mnto three equall parts; then {ſet 
one toote to 8,the other will reach to « the ſide required. 


CHAP. V1. 
The w/e of the lines of artificiall Sines. 


\ [iedeoms of fines hath ſuch vſe in finding a fourth pro- 
porrionall, as the ordinary Canen of Sies: and the mia- 
ner of hnding 1t,isalwayesſuch as in this example. 
Asthelinc of 3o gr. vnto the finc of 52 gr. 
So the line of 38 gr. to atourth line, 
Extend the compalles in the line of mes from zogr. vnto 
52 grzthe ſame cxrent ſhall gine the diſtance trom 38 gr.vnto 
76 gr. Or extend them trom 3o gr.vnto 38 gr.the ſame extent 
v1ll reach from 52 gr,vnte 76 gr. which 1s the fourth pro- 
portionall line required, 
And thus may the reſt of all ſinical proportions be wrought 
tzvo wayes. The minutes which are wanting in the firſt de- 
gree,may be tupphed by the line of Numbers. 


CHAP. 
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CHAP. V111. 
The ofe of the line of artificial Tanzents. 


His line of T angents hath like vſe , but commnnly ioy- 
ned with the line of fines: the maner of working bv it, 
may appeare by this example. 


As the Tangent of 38 gr. 30 mn. 

is ro the Tangent of 23 gr.30 m, 
Sothe Sinc of go gr. 

ro a fourch Sine, 


This Prop.and ſuch others vpon two lines,may be wrought 
ewo waycs. For extend the compalles from the Tangent of 
33 gr.zom. tothe Tangent of 2307.30 m; the ſame extent 
ſhall giue che diſtance from the fine of go gr.to the line of 31 
27.8 mm, Or elſe extend them from 38 gr. zom.n the Tangents 
vnto 90 gr.in the line of fines; the ſame extent trom the Tan 
gent of 23 gr.30m.ſhall reach to the line of 33 or.S m. which! 
15 the fourth proportionall line required. 

And this crofſework in many calcs 15 the better, in regar\ 
the tangents which ſhould patle on from 49 gr.to 50 gr. and 
joforward,do turne backe at 45 gr. Thelte tio lincs of Simes 
and 7 angents, may ſcructor the reſolution of all tpher:call ry:- 
angles, according to thoſe Canons which I hauc fer dow ne 
1m the vſe of the Seftor. 

Or if at any tine one meete with a ſecart, ler him accounr 
the fine of 8o gr. tar a ſecart of 10 gr. and rlic fine of 70 or. 
for a ſecant of 20 gr. and fo take che fine of the complement 
1:1 ſtead of the ſecant. Asit the propoſition were, 


As the Radius to rhe ſecant of 52 gr. 30m. 
Sotheline of 23 gr. 3om. toa fourth line. 


LY. , . = 
Extend the compalles from the Radius that 1s the fine of 
90 gr. tothe line of 38 gr.zow. the ſame extent will giue the 


dittance from the line of 23 gr. 30m. buth to thc ic of 14 97. 
| 22 


24 Thenſeof thelines of Sines and Tangents 


22m, andto theline of 39gr.50 wm. But in this caſe, the ſine 
of 39 gr.50 m. 1s the fourth required. For the brit number 
being lefle then the ſecond, that is,the Radius lefſe then the 
ſecanr, the ſine of #3 87.90 ww, which isthe third , muſt alſo 
be lelle then the fourth. 


CHAP. IX. 


T he ſe of the line of Sines and Tangents 
zoyned with the line of nun. bers. 


He lines of fines and tangents hane another like vſe io, 

ned with the line of #ambers,cſpecially in chereſoJjurion 
ot right line triangles, where che angles are meatured by de- 
grecs and minutes, and the ſides meaſured by abſolure nun: 
bers,\vhercof I will ſer downe ctliete propoſitions. 


1 Haning three anzles and one ſide,to find 
the two other (ides. 


As the ſide of the angle oppoſite to the (ide given, 
15s ro the number belonging to that (ide giuen: 

So the ine of the angle oppoſite to rhe ſide required, 
co the number beJonging to the ſide required, 


As in the cxample of the fourch Cap.of this booke, where 
knowing the diſtance berweene two ffations at A and D 
ro be 100 paces, the angle BAC to be 43 gr.20 m. and the 
anglcB DC ro be$8 gr. it was rcquircd to find the diſtance 
AB. 

Firſt hauing theſe two angles, I may find the third angle 
ABD to be 14 gr.qo mm. either by ſubtraction or by comple- 
ment ynto 180, Thenin the rriangle BA D,I haue three an- 
gles, and one lide, whereby ] may find both AB and DB. 1 

now the angle ABD oppolite ro the meaſured ſide «AD 
to be14gr.q0w. andrheangle A DZB oppolire to the lide 
1cquired, to þe 13 2 gr: wherefore I extend the a, Me 
te 
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the line of Snerfrom 14 gr.qo w.vnto 122 gr. or (which is all 
one)to 58 gy. (forafter go gr.che line of $0 py. is alſo the ſine 
of 100 gr. and theline of 70 gr.theſine of togr, andſoin 
the reſt) ſo ſhall I fnd the {ame extent to reach in the line of 


»#wmbers, from 100 vnto 335. Andſuchisthe diſtance requi- 
red berweene Aand B, | 


In like maner if I extend my compalles from the ſine of 
14 £7.40 m.to the ſine of 43 gr.20m. the ſame extent will 
rcach in the line of numbers from 100 to 271, And luch is the 
diſtance betweene DandB, 2.5 

Or in crolſc worke, I may extend the compaſlles from 14 
$r.40 w.inthe fues,vnto 100 parts in the line of unwbers : ſo 
the ſame extent will giue 5 4 diſtance from 58 gr, to 335 
parts, and from 43 gr.20 mv. to 271 pars. 
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2 Hawing two ſides giurn, and ont angle oppoſite to bither 
of th:ſe ſides,co jud the.#ther rwo angles. 
and the third [ide 


As the ſide oppoſite to rhe angle giuen, 
isto the ſin2 0; the angle giuen: 
Cothe 0: ny fie 21161, 
th (ling o7lar ane to winch it is oppoice, 


Son theiorney -ranglec, han 1-7 he two tides + FP I35 
paces, and A Þ) 100 paces, and kno. my the angle A!) B, 
which 15 o--oii.eto rhefjide AN, tobe 12283, I nay find 
the avol- A 3D), which 5oppolice ro the other lide AD. 
For 1{ I .x end the compoatlles trom 335 ro 100 1 the line of 
numb rs, I hall inde the ſame exrent torceach m the line of 
ſes from 122 gr.co 14 gr.40 mz and theretore ſuch is chic an- 
gle ABD. ; | 

Then knowing theſe rwo angles ABD 2nd ADB, 1 may 
find che hird angle B A D efther by fubrraction or by com- 
plementro 180, co be 43 gr.20 m; and haning three angle: 
and two (ides, I may well tind the third fide DB, by th# fox- 
ger Prop. ST ST ON "IF Y LN 

This may be done more readily by crolle worxe, For if ] 
extend the compatles trom 335 parts, in the line of number, 
tothe line of 122 gr.the ſame exrent wil reach trom 100 parte 
tothic line of 14 g7.4099. and backe from 43 gr.20 m. tO 271 
parts; and ſuch 15 the chird tide NB, 68 

3 Haning two ſides a»d the angle between them,to find 
the two other anglesand the third [ide. 


If che angle contained berweene the two ſides be a right 
anylc, the other two ang cs will be found readily by this ca- 
Noll, 

As the greater lide giuen, 
15 cothe lctler (ide: 
I0 
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So the tangent of 45 gr. 
ro the tangent ot the leſſer angle. 

50 1n the reQanyletriangle AB, knowing the ſide A 1 
ra be 244, andthe fide] B tobe 230: if I extend the com- 
pales from 244 0 230 in the lincot enmbgrs, the fame cx- 
rent will reach from 45 gr.r0 2bour 43 gr.20 m. inthe line ©: 
tangents; an ſuch is the lcetIcrangle B AJ, and the coinple- 
nent 45 87.40 8. ſhevwes the greaterangle AB 7. The arnple- 
beino known, the third {i.e A B may be found by the firtt 
Prop. 

So l:kewiſe in the example of the third Cap.ot this hooke, 
concern no taking ofangles by che line of #-hes, where clig 
parts intercepced on the Staffe being 20 inches, and rhe parts 
on the Crofle 9 i-ches,ir was required to find the ang]. of al- 
ritude, For I may extend the compalles in the linc of arm- 
hbers,from 20 voto g,the fame extent will reach in the line of 
tangents, from 45 gr.to 24gr.14m. Orin the crotſe worke, [ 
may extend the conpatics trom 20 parts in the line of awm- 
bers ro the tangent of 45 gr; che ſame cxtent thall gue che 
diftance- from g parts vnto the rangeat of 24 gr. 149. And 
ſuch is the angle of altitude required. 

Bur it it be an oblique angle that is contained herweene 
the ewo (ides ginen, the triangle may be reduced into tiyy 
rectangle triangles, and then refolued as before, 

As mthe triangle ADB, where the tide AB is335, and 
the tide AD 100, andthe angle BAD 43 gr. 20m: it ] Ic 
downe the perpendicular DH ypon the hide AB, T that hane 
tv.o rctanple triangles, AHD, Di!B; andinthe reqtangle 
AHD,che angle at A being q3 gr.20 m.the other angle ADH 
will be 46 gr.4o0 9; and with thete angles and tliciide ee 1), 
[ may find both 4 & and DH, by the tit Prop. Then rxkins 
AHoutof AB, there remainces H B tor the tte of the re 
(tangle DH Bzand therefore wich this tide HEB and theothe; 
fide D H, I may find borh the angle ac B, and ele third tide 
DB,:smihe tormer part of this Prop. 

Or I may find the angles required, without lettnig Cowne 
aliv perpendicular, For | 
d 2 As 
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As the ſumme of the ſides, 
15 to the diffcrence of the fides: p 
So thetangent of the halte ſumme of the oppoſite angles, * 
rorhecangent of half the difference between thoſe angles, 
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As in the former triangle A D B, the ſumme of the ſides 
AB,AD,is 43s, and the difference betweene them 235; he 
angle contained 43 gr.20 w; and therefore the ſumine of the 
two oppoſite angles 1 3585-49 ” and the halte fumme 68 gr 
20m. Hereupon I extend the compalles in the linc of num- 
bers trom qys to235, andI find chem to reach in the line of 
tangents from 68 gr. 20m, vnto 53 gr.49 mm; and fuch is the * 
halte difference berweene the oppolite angles at 8 and D, 
This halfe difference being added to the halfe ſumme, doth 
giue 1227. forthe greaterangle ADB: and being ſub- 
traced,ir leaucth 14 gr.gom.tor the letler angle ABD.Then 
the chree angles being knowne,, the third lide BD may be 
found by the firſt Prop. 


4 Haaing the three ſidts of a right lint triangleyto find 
the perpendicular and the three angles. 


Let one of the three ſides piuen be the baſe, bur rather the 
greater lide,thar che eb may fall within the trian- 
gle;then gather che ſumme,and the difference of the two 0- 
ther (ides,and the proportion will hold, 


As the bale of the triangle, 
i1sto the ſumme of the lides: 

So the difference of the ſides | 
roafourth, which bcing taken forth of the baſe, the 
perpendicular ſhal fall on the middle of the remainder, 


As in the former triangle ADB, where the baſe AB is 335, 
the ſumme of the lides AD and DB 371, and the difference 
of them 172. If I extend the compatles in the line of nwm- 
bers from 335 vnto 371, I ſhall find the ſame extent ro reach 
from 171 vato 189.4. Thus fourth number I rake out of the 

L baſe 
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baſe 335.0, andthe remainder 15 145.6, the halfe whereof 1s 
72.8, and doth ſhewthe place H, where the perpendicular 
ſhall fall,from che angle D,vpon the baſe A B, dmiding the 
former triangle ADB into two right angle triangles, DHA 
and DHB, im which che angles may be found by the former 
part of che third Prop. And this may ſuthce for right line trt- 
angles. Bur for the more ealie protrattion of thele triangles, 
I will ſec downe one propoſition more concerning choral. 


5 Hauwing the ſemidiamteter of a circleyto find 
the chords of enery arke, 


Astheline of 30 gr, 
to the fine of halte the srke propoſed: 

So 15 the ſemidiameter of the circle giuen, 

ro the chord of the ſame arke. 

As it in protracting the former triangle ADB, it were re- 
quired to find the length of a chord of 43 gr.20 m1. agreeing 
'o the ſemidiameter A E, which is knowne to be 3 mches. 
The halic of 43 gr. 20m. is 21 gr. qo m; wherctore I excend 
the compatlles from the line of 3o gr.tothe line of 21 gr.q0 m. 
and I finde the ſame extent to reach in the line of numbers 
from 3.000parts to 2.215; wich ſhewes, thac the ſeinidia- 
meter being 3 inches, the chord of 43 gr.20 m. will be 2 n+ 
cnet and 215 parts of 1000. 

In Iko maner the chord of 58 gr.aprecing tothe ſame ſes 
midiameter,would be found to be 2 #nches and gog puts, For 
the halteof58 being 29; it I excend the compiiles 1n the line 
of fnes from 3o gr.to 29 gr. the ſame cxcent will reacit 1n the 
linc of nwmbers (rom 3.Q00.vnto 2.929, 

Or in crolſe worke, if I extend the compatTes from the ſire 
of 30 2r.to 3.000 11, che linc of n@mbers, I (hall find the ſave 
excent to reach from 21 gr.4o m.to 2.215 rt, and from 29 
7.0 2.909 perts, and from 7 gr.20 m. co 765 parts, forthe 
chord of 1427.40 m7. torthethurd angle AED, 


d 3 CHAD, 


78 vſe of the line of verſed Sines, 
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gles,hoth r'ght lined an ſphericall, may be reſolued |;; 
the three former lines of numbers, ſinrs and rengents; vet | 
chouyhr good ty put it on the Stafte for the more calie fi- 
ding ofan anglc having rhree (ides,ora lide hauing three ar: 
ples ot a ſphericall triangle giuen, 
Suppoſe the three lides ro be,one of them 1 10 gr.the othic, 
78 gr. andthe third 38 gr. 30 m. and let 1t be required co ting 
theanolc, hoſe baſe 1s LIO gr, 
I fiit adde them rogeth: r,and from halte the ſumime ſub- 
+7. tract the haſe,noring the ditterence after this mancr., 
4... The bate I10gr.0 7. 
” The one (ide 38. '© 
The othcr ſide 38 30 
F The tſumme of all three 226 30 
| The halte (ummne 1223. ie 
The difference 3 - Ig 
This done,I come to the Staffe, and extend the compalle; 
from rhe ſine ot go gr.to the ſine of 78 gr.which is one of the . 
{1des; andapplying this extent trom che fine of the other lide 
380r.50m.1 find it to reach to a tourth ſine,abour 37 gr.30 ri 
m, From this tourth fine of 37 gr.30 mT extend the compal. 
ſes againgto tac line ot the halte fſumme 117gr.t5 m. (which 
is all one vith the line of 66 gr.q5 m.) and this ſecond extent 
' wilrcach from the line of the difference 3.gr.15 w.to the line Ti 
"BR of 4 gr.54 m.Oner again'it ris fine you ſhal find 146 gr.in the 
pn Ine of verſed finer; and tuch1s the angle required, 
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more particularly exemplified 
in ſenerall kinds. 


He former hnoke containing the gene- 
| rall vſe of each line of proportion,may be 
ſu Hciene for all thoſe which know tic 

rm11- of Three, and the dottrine of triangles. 

Bur for others, I ſuppoſe it would be more difh- 
e1]rto find either the declination of the Sunne, 
or his amplirnde, or the like, by that which hath 
been 1aid in the vie ot the line of fines, valetle 
they may hwme the parricular proportions, by 


which ſuch propoli:10ns 2re to be wrought. And | 
theretore for their ſakes | hane adtoyned this [c- | 


cond booke, containing ſenerall proportions tor 


THE SECOND BOOKE. | 
Of the wiſe of the former lines of proportts, + 


propolitions of ordinary vic, and {et thei down | 


in ſuch order,that the Read-:r conlidering which - 


1s the firſt of the three numbers gruen, may calily 


apply them co th. Sector, and alſo reſoluc them | 


by Arithmerique, beginning with thoſe which 
require help onely of the line of numbers. 


| CHAP E:.. 
The oſe of the line of Numbers m broade 


meaſure, ſuch as boord, glaſſe, 


and the like. 


He ordinary mealure for bredth and leng:h 


are fecte and inches, each foore dinided 1n- | 


| 
| 
| 


| 


t0 12 znches, and euery ingh unto halues & quar- | 


Crs, | 


| 
| 
| 
| 


\ 
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cers, which being parts of ſeueral denominar1u..,doth breed 
much trouble both in arithmetique and the vſe of inſtru. 
ments. * 

For the auoiding whereof , where I may preuaile I gine 
this counſell, char ſuch as are delighted in meaſure would 
vie ſeuerall lines, firſt a line of inch meaſure, wherein euery 
inch may be diuided into 10 or 100 parts; ſecondly a line 
of focte meaſure, v. herein euery toore may be dittided inty 
100 or 1060 parts, both which lines may be ler on the ſame 
fide of a two toote ruler,after this or the like mancr. 
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Then if they be to giue the content of any ſuperficies of 
ſolid in inches,they may meaſure the lides of 1t by rhe line of 
inches and parts of inches;bur if they be to giue the content 
in feete, jt would be more cafic for them to meaſure thoſe 
ſides by the foote line and his parts. 

For example, let the length of a plane be 3o inches, and 
the bredch 24 inches and + of an inch ; this length mult: 
plicd into the bredth, would giue the content ro be 646 
inches: but if I were to find the content of the ſameplanemn 
feer,] would meaſure the fides of it by the foote line andhis 
parts; ſo the length would proue to be 2 feete >, and the 
bredth 1 foore =, and the length multiplied by the bredth, 
cutting off the toure laſt figures, for the foure figures of the 
parts, would giue the contentto be 4. Foco, which is 4 foote 
and 50oo parts,of a foot being diujded into 30000 parts. 


21.6 2.50 
30.0 1.80 
648.009 20000 


in broad meaſure, 33 
The like reaſon holdeth for yards and eines, and all other 
meaſures dinided into 10,100,0r 1000 parts. 
This being preſuppd{ed, rhe worke will be more ealic 
borh by arichmetique and the line of numbers,as may appeare 
by thete propolitions. 


1 Haking the bredth and length of an oblong ſuper- 
fictes gruen in inch-meaſure, to finae 
the content in mches. 
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As1inch vntothe bredtl 1m 1nches: 
So the length in inches vnco che content in inches. 
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Suppoſe in the plane AD,the bredth A C tobe 3o inches, 
andthe length A B co be 183 inches; extend the computles 
from 1 vnto 3o, the ſame extent will reach from 1383 vnro 
5.490; or extend them from x vnto 183, the {ame extent will 
reach from 3o vnto 5490. So both wayes the content reqUt- 
cd 15 found to be 5490 inches. 

As1I vnto 30: 10 arc 183 vinto 5.490. 


2 Haning the length and bredth of ary cbloxg ſuper- 
ficres ctuen in inches to finde the con- 
lens im fecte, 


As 144 inches vnto the Lredth in inches: 4 
\ . . . ; = 
So the length in incÞþ-svnro the contenr in feete, F2' 
And thus in the former pl2v+ A D,working 25 betore,the '* 
| M9 


content will be toundo be 38.125, which i538 toote and |; 
ot a foote. 
As 144vnto 39; ſoare1$3 vnto 38.125, | 
C 3 Ha- 
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34 The oſe of the line of Numbers 
3 _— length and bredth Fl any oblong ſuper- 


ies ginen is foate meaſure, to fin 


” ext a = 
% _ 7 
- 


hae © the content in fects. 
As 1 foote vnto the bredth in foote meaſure: 
+ 11 So the m_ in feete vnto the conterst in feege. 
bl | And thus in the former plane AD, the bredth will be 2 
j } foote 50 parts,and the lengch 15 foor 25 parrs;then working 
$i | as before,the content will be found to be 38.125, | 
p - = As 1 vnto 2.50: ſn are 15.25 vnto 38.125. 
"| 4 Having the bredth of any oblong ſuper ficies ginen in 
55 inchet,ond the length in foote meaſureyto 
TEM find ths content in feet, 
2: As 12 inches to the bredth in inches: 
"is | So the length in feet to the content in feet, 
W ' So alſo in the former plane, the content will be found te 
, be 38.125. 


_— yo 
watch , 


As1z vnto 30: {oare IFg.25vnto 38.125. 


5 Hauing the bredth of an obloug ſuperficies giuen 


bj | in inches, to find the length of a foot ſu- 
{1 ! perficiall in inch meaſure. 
Mw \ As the bredth in inches, vnto 144 inches: 
ol: I's | So 1 foot vnto the length in inch meaſure. 
F ja $0 the bredth being 3o inches, the length of a foot wil be 


found to be 4 inches Bo parts. 
As 3o vnto 144: ſoarc Ivnte 4.80. 


"HY 6 Hauing the bredthand length of an oblong ſuper ficies 
, giuen in feet go find the lengtn if Fe 
ſuper fictall in foot meaſure. 
As the bredth in foot meafure co x toot: 


| : F . Sothenumberoffeer tothelengeh in foormeaſure, 
3% a 9 
» 4 2 


in broad meaſure. 35 


So the bredth being 2 foot 50 parts, the length of a fooc 
will be found to be 4o parrs, the length of 2 feete Ba parts, 
and che length of 3 teer 1 foot 20 parts,&c. 

As 25ovnto 1: foare x viito 0.40. 


the length and breath of an oblong ſuper ficier, 
d the fide of a ſquare equall tothe oblong. 


Diuide the ſpace betweene the length and the bredth in- 
to. two equall parts, and the foot of the compalles will itay at 
the lide of the ſquare. 

So the length being 183 inches,and the bredch 3o inches, 
the lide of the ſquare will be tound to be almoſt 74 inches 
and 10parts of 100. 

Or the bredth being 2 foot and go parts,the length 15 foo? 
and 25 parts, the ſide of the ſquare wil be found to be abou» 
G tect and 17 parts, 

As 30 vnto 74-10: ſoare 74.10 vnto 183.027, 
And as 2.50 vnto 6.1794 loare6.174 vnto 15.247. 


7 Haw! 
/ 


8 Hauing the diameter of acircle, ts fiwd the ſide 
of a (quare equal! tothat circle, 


As 10000 to the diameter: 
So 8862 vnto the (ide of the ſquare. 
So the diameter of a circle being 15 inches, the ſide of the 
ſquare will be found abour 13 ag: A and 29 parts. 
As 100co vnto 8862: ſoare 15 vnto 13.29. 


9 Having the circumference of a circle to find the (ide 
of a ſquare equall tothe ſame circle, 


As 10000 to the circumference: 
So 2821 tothe fide of the ſquare, 
So the cireumference of a circle being 47 inches 13 parts, 
t),c lide of the ſquare will be about 13 inches 29 parts. 


As T0000 vnto 2821: {oare 47.13 vnto 13.29. 
c 3 10 Fa- 


Theſe of the line of Numbers 


16 Hawing the diameter of a circle, to find 
the circumference. 
11 Having the circumference of acircle, 


W $0 find the diameter, 
. | As 1coo to the diameter: Dd 
+» Ws So 3142 to the circumference, 
x | So the diameter being 15 inches, the circumference will 
«bagp ? be found abour 47 inches 13 parts: or the cireumference be- 
q - ing 47.13, the diameter will be 15. 
the 1 
$4 
Ft CHAP. II. 


481 The ſe of the line of Numbers in the meaſure 
+ FE of land by perches and acres. 


1 Haning the bredth and length of an oblong ſuper ficies 
giucn in perches, to find the content in percies, 


As 1 perch tothe bredth in perches: 
Sothe length in perches to the content in perches. 
So in the former prone AD, it thebredth AC be 3o per- 
1 


ches, and the length A B183 perchcs, che content will be 
found to be 5490 perches, 


Hm £@A as ©» 


2 Hauing the length and bredth of an obloug ſuper ficies 
giuen in perches, to fiad the comtent m1 acres. 


As 160 to the bredth in perches: 
So the lengrch in perches to the content in acres. 
So in the former plane A D, the content will be found 
fo be 34 acres,and 31 centeſms or parts of an 100, 
As 160 ynto 30: ſo are 183 vnto 34.31, 


\ , 3 Hawing 


in land meiſure. 37 


Fauing the length and bredth of 1n oblonz ſuper ficies 
Linen in chaimes,to find the content in acres. 


It being troubleſome to diuide the content in perche:s 
by 160, we may meaſure the lengch and bredch by chaine;, 
each chaine being 4 perches in length, and diuided into 100 
links, then will the worke be more calic in arithiniciiquec, 


For 


As 10 to the content in chaines: 
So che length in chaines to the content: in acres. 


And thus in the former plane AD,rthe bredth A C will be 
7 chaines 50 links, andthe length A 8B 45 chaines 75 links; 
chen working as before, the content will be tound as betore, 
34 acres 31 parts. 


4 Wau? the perpendicular and baſe of a trianel- ginen 
in perches, to finuthecontemtin acres. 


If the perpen1culir go for che bredch , and the baſe for 
the al 5 the triangle will be the halte of the oblong. As 
the triangle CED1s che halte or the oblong AID, whote 
content was found in the former Prop, Or without |:al- 
ting, | 

As 320 to the perpendicular: 

$9 the baſe to the content 11 acres, 

So in the triangle C £ Dyche perpendiculzr being 30,and 

the baſe 183, the content will dz tound to be about 17 acr<+ 
and 15 parts, 


5 Hauing the perpendicular and baſe of a trianzle pints; 
in chaines, to find the content m acres. 


As20to the perpendicular: 
$9 the baſe ro the content in acres. 


Andſo in thetriangle CED, che perpendicular E F be- 
E 3 ing 
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ing 7.50, and the baſe C D 45.75, che contenc will be; 
a5 before ro be about 17 acres 15 parts, 


6 Haning the content of a ſuperfictes after one kind 
of perch, to findthe content of the ſame ſwper- 
fictes according to another kind of perch, 


Asthe length of the ſecond perch 
wo the length of the firlt perch: 
So the content 11 acres to a fourth number; 
and that fourth ro the content in acres required, 
Suppoſe the plane A D meaſured with a chaine of 66 feet, 
or with a perch of 16 fecte andan halfe, contained 34 acres 
31 parts; and it were demanded how many acres it would 
containe if 1t were meaſured with a chaine of 18 foot to the 


perch : theſe kind of propoſitions are wrought by the back: 4 
ward ralc of three, afrcr a duplicated proportion, Wheretore ii 

| extend the compatlles from 26.5 vnto 18.0, and the ſame p 
extent doth reach backward, firſt from 34.31 to 31.45, and WF '' 


chen trom 31.45 to 28.84, which ſhewes the content to bc 
28 acres $4 parts, 


7 Hauing the plot of aplane with the comtent in acres, i 

to find the ſcale by which it was plotted. 4 

(1 

_ - Suppole the plane AD contained 34 acres 31 centeſmes; W o! 
it I ſhould micaſure it with a ſcale ot 1o in the inch , the 
length AB would be 38 chaines and about x 2 cente{mes,and 
thebredth AC 6 chaines and 25 centeſmes; and the content 
iyould be tound by the third Prop.of this Chapter, to be + 
bour 2 3 acres 82 parts, whereas it ſhould be 34 acres 31 parts, 
Wherefore I diuide the diſtance betweene 23.82,and 34. 
31,vpon the line of awmbers into two equall parts; then let- 
:11g one foote of the compatles ypon 10, my ſuppoſed icale, 
I tind the other co wang 12, Which is the ſcale requiied, 


CHAP, ' 


in [quared ſolids. 39 
CHAP. 1Il. 


The oſe of the line of Numbers in ſolid meaſure, 
ſuch as ftone, timber, and the like. 


1 Hauing the ſide of a ſquare equall to the biſe of any 
ſolid giuen in inch meaſure, ts find the leneth 
of a foot ſolid in inch meaſure. 


5 15-8 ſide of a ſquare <quall to the baſe of a ſolid, may bc 
found by diuiding the ſpace betwcene the length and 


| bredch into ewo eqnall parts, as in the 7 Prop.ot broad mea- 
| ture, Then 


As the (ide of che ſquare in inches to 41.57: 
So 1s x foot to a fourth number; 
and that fourth te the length in inches. 
So 1n the folid AH, the (ide of the ſquare equall ro the 


bate E Cbeing about 25 inches 45 parts, the length of a joor 


folid will be found abour 2 inches 67 parts, and the length 


| ot two foot ſolid 5 inches 33 parts. 


As 25.45 vnto gl.57 :\or.co vnto 1.63: 
and fo are1.63 vnco 2.67, 


2 Having the ideof a [quare equal tothe baſe of any ſa- 
lid ginen in foot meaſure,to find the lengeh 
of a foot ſolid in faot meaſure, 


As the [ide of the ſquare in feet vnto 1: 
Sons rt vnto a fourth number; 
Aa1rthar fourth co chic length in foo: meaſure. 
So in the ſolid ££ , che fide of the ſquare cquall m_ 
als 


_ 
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40 The wſe of the tine of Numbers 
bate EC, being abour 2 foote 120 parts,the length of a foot 
{011d will be tound abour 222 parts of a foot, 


4x WS : 

oe &, Ax 2.120 vnto 1.060: {oO 1,000 vnato 0,471: 
and loarc 474 VnNto 222, 

ir 2 9:2 
Wo 7 2 Ianing the bredth and depth of a ſquared ſolid gruen 
* 1, Ih in foot neaſureto find the length of 4 


foot ſolid i foot meaſure, 


A$1 vntothe bredth in toor imoatire: 

So the deprh m teet to a fourth number; 

winch 1s che content otthe bafe 11: toor meaſure. Then 
Ax chis fomreh nunrber vnro 1: 

So1 vntothe tength in foor meaſtre. 


So in the ſolid A H,the bredth beings 2 foot 50 parts, the 
depth r toor $o parts, the concent of the baſe E C will be 
tound 4 toor 5o parts,and the length ot one foor ſolid about 
222 parts, tlie length of two foot ſolid abour 444 pas 
Ol I'COO, 

As 1.co vnto 2.50: fo are 1.90 vnto 4.50. 
A>4.50Vvnrto 1.00:10 1.000 vito 0.222, 


4 Hanging the bredth and depth of a {quared ſelid £1- 
wen iminches,to find the lenoth. of a foot 
ſeltam inch meaſure. 


As 2 hath to the bredth in jnches: 

Sothe _ in inches to a fourch number; 
which 1s the content of the baſe in inches. Then 
As this fourth number vwnto 1729S: 

So.1 vntoche length of a toor 11: inch meaſure. 


So in the ſolid A H,the bredth AC being 3o inches, and 
thed pth A E 21 inchics 60 parts,the content ot the baſe .C 
v1/l betound tobe 648 inches, and the length of a foot {ol 
about 2 inches 67 parcs, 


in ſquared ſolids, 
As x vnto 21.6: ſo 30 vnto 648: 
As 648 vnto 1728: ſo 1 vnto 2.667. 


Or as 12 tothe bred:h in wches: 
So the depth in mches toa fourth nymber. 


A< this fourth number to 144: 
So 1 vnto the length of a foor {olid 11 inch meature, 


__ $oin che folid A ,the bredth being 30 inches, the deptl, 
21 inches 6 parts, the fourth number wall be found to be 5.4. 
and che depth of a foot folid 2 inghes 67 parts, 


As 12 vnto 21.6: ſo 3ovnro.54. 
As 54 vnto 144:10 1 vnto 2.667, 


5 Hauing the (ide of « ſquare equall tothe baſe of any ſolid, 
and theleneth thereof giuen in inch meaſure, 
zo find the comtent thereof in feet. 


As 41-57 to the (ide of the ſquare in inches: 
So the length in inches to a fourth number; 
and that fourth to the content in foor meaſure. 


So in the fold e LH, the.lengrth ef B being 183 inches, 
and the ſideof the ſquare equallto the baſe E C abour 25 in- 
ches45 parts, the fourth number will be found abouc 112, 
and the whole ſolid content about 68 feet 62 parts, 

As 41.57 vnto 25.45: ſo 18y ynto 112: 
and ſoare 112 vnto 68.62. 


6 Having the ſide of a ſquare equall ts the baſe of any ſolid, 
and the length thereof ginen in foot meaſure, 
to find the content thereof in feet, 


; As 1 tothe ſide of the ſquare in foot meaſure: 
So the length in teer ro a fourth number; 
and thac fourth to the content in foot meaſure. 


7 6 
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=, So in the former ſolid A H, the [ide of the ſquare equal] 
Bh. to the bate A E,bceing about 2 foot 12 parts, andthe lengeh 
F) AB 15 toot 25 parts, the concnt will be found to be about 
68 foot 62 parts. 
As 1 vato 2.12: ſo 15.25 vnto 32.35: 
", and ſo arc 32.35 vato 68.62, 


+5 Having the ſide of a (quare (qual tothe baſe of any ſolid 
21uen in inch meaſure, Cr 11: len:th of the ſolid given 
in [oor meaſure, to find the content a 
im fects. 


As12 to the ſide of che ſquare ow in inches; 
So the lengrh in feer toa tourch number; 
and that fourth ro the concent in foot mealure, 


So in the former ſolid eA H, the ſideof the equall ſquare 
being 2F5 inches qg5 parts, the content will be found to be x: 
about 6$ teet 62 parts. 


As 12 vnto 25.45: ſo 15.25 vnto $2.35: 
and ſo arc 32.35 vnto 68.62. 


8 Having the length, bredth and depth of a ſquared 
ſolid ginen in inches,to find the contews 
in inches. . 


As 1 vnto the bredth in inches: 
So the depth in inches vnto che baje in inches. The! 


As x vnto the baſc: 
So the length 1m inches vntothe ſold content in inches. 


Sointhe ſolid FH, whoſe bredth AC is 3o inches, the 
depth AE 21 inches and 6 parts of ro, and length AB 183, 


the content of the baſe E C wil be found 648 inches,and thc 2 
iyhole ſolid content about 118500 inches. 4 
As 1 vnto 21.6: ſo arc 30 vato 648: el 
ASI vnto 648; ſo arc 183 to 118584. li 


9 Hh 


in [quared ſolids. 49 


9 Hauing the length,bredth and depth #f 4 ſquared ſolid 
Linen in inches,ts find the content im feet, 


— wo HW = oo 


— tary > 


A>1 tothe bredth in inches: 
So the depth in inches to the balc in inches, 
As 1728 tothat baſe: | 
Sothelength in inches to the content in feet, 
Soin the ſolid A H,the content will be found to be abour 
68 keer 62 parts. 

As 1 vnto 21.6: ſo 3o vnto 648: 

As 1928 vnto 648: ſo 183 ro 08.62. 
Or as 12 to the bredth in inches: 
So the depth in inches co a fourth rumber, 
As 144 to that fourth number: 
So the length in inches tothe content in feet. 


And ſo alſo in the ſame ſolid AH, the content will be 
found ro be about 68 feet 62 parts. | 
As 12 vnto 21.6: ſo 30 vnto $4: 
As144 vnto 54: ſo 183 vnto 68.63. 
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10 Having the lewgth,bredth and depth of a ſquared 
ſol:d giuen m foot meſure, to finde 


the content in feet. 


As 2 vnto the brcdch in foor meaſure: 
So the depth in feet to the bale un teet, 


As 2 vnto that baſe: 
So thelength in feet to the concent in feet, 


And thus in the former ſolid AH, the bredth A C will be 

2 foot 50 parts,the depth A E-1 toor 8o parts, and the length 
AB rg foot 25 parts; then working as betore,the content of 
the baſe A F will be found 4 feet 5o parts, and the whole fo- 
lid content about 68 toor 62 parcs, which of all others may 
f 2 verv 
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very eaſily be tried by arithmerique. 
As1 vnto2.50: ſo 1.80 vato 4.50. 
* ASI ynto 4.50: ſo15.25 varo 68.625. 


11 Hawme the bredth anddepth of a ſquared ſolid ginen 
in inches,and the length in feos meaſure, 
to find the content thereof in feet. 


As x vnto the bredth in inches: 
So rhe depth in inches vntoa tourch number; 
which 13 the contecnt of che balc in 1iiches 


As 144 hath vnto that fourth number: 
Sothe length in teet ro the content tm teet, 


And ſo in theſame ſolid A H, the content will be fou14 
2 bc abour 68 feer 62 parts. 
As 1vnto 21.6: ſo 30 vnto648. 
As 144 vnto 15.25:ſ0648 varo 68.62, 
Or as 244 vnto the bredth in inches: 
So the depth in inches vnto a fourth number: 
ih is the content of the baſc 11: tecer, 


As 1 hath vnto that fourth number: 
So the length in feet tothe content in feet, 
And ſo in the ſame ſolid AH, the content will be found 
:0 be about 68 feet 62 parts. 
As 144 vnto 21.6: ſo 30 vnto 4.50. 
As 1 vnto 4.50: 1o 15.25 vnto 68.62. 
Or as 12 vnto the bredth in inches: 
So the depth in inches vnto a fourch number. 


As 12 vnto this fourth number: 
So the lengthin feet tothe content in feet. 
Ando alſo m the ſameſolid AH,the content wil be fornd 
ta be about 68 feer 62 parts. 
As12vnto21.6:{0 30 vnto 54. 
As 12 vnto 54: ſo 19.25 vnto 68.62. 
All cheſevaricties (and ſuch like not here mentioned) 


do 


in the meaſare of cyliuders, 45 


do follow vpon making of the baſe of the ſolid, to be EC; 
there would be as many more tf any ſhall begin with the 


bale E H, and ſo ikewile if they makethe baſe tobe FD. 


12 Hauing the diameter of a cy/inder ziuen in inth mea- 


ſure, to find the length of a faot ſolidin mehes 


- 


As the diameter in inches vnto 46.90: 
So1s1 ynto a fourth numbcr: 
and thac fourth to the lengeh in inches, 

So the diamerer of a cylinder being 15 inches, 
the fourth number will be about 3.12, and the 
lcnoth of a foote ſolid g inches 78 parcs. 

As1g vnto 46.90: ſo 1 vnto 3.127: 
and ſo are 3,127 vnto 9.778. 


\ 


13 Hauing the diameter of a cylinder ginen in 
foot raeuſnre, to find the length of 4 
foor ſoltd.in foot meaſure, 


Asthe diameter in feet vnto 1.128: 
50 15 1 vnto a tourcth number) 
and thac fourth to the length in foot mcaſure, z-- 


*0 the diameter being 1 foot 25 parts, the length 
-» foot ſolid wil be found abou 8.1.4 parts of 1000. =. 


As1.25 vnto 1.128: {0 1.00 to 0.9027: = 
and to are go27 vnro 8148. Fr 


- 
- 


>>. 


14 Hauing the circumference of 4 cylinder oinen intnches, 
to find the length of a foot ſolid minch meaſure. 


As the circumference in inches to 147.36: 
So1s1 to a fourth number; 
andthat fourth to the length in inches. 


Sothe circumference being 47 inches 13 parts,cheflengtl: 
of a foot ſolid will be found about g inches 78 parts, 
f 3 
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The woſe of the line of Numbers 


As 47.13 vnto 147.36: ſort,cotog.13: 
and io arc 3-13 vnto 9.78, 


p 15 Hauing the circumference of a cylinder giuen in foot 
3:7 1 meaſure, to findthe length of a foos ſolid 
: in foot meeſure. 


As the circumference in feete to 3.545: 
So1s1 to a fourth number; 
and that fourth tothe length in foot meature. 
So the circumference being 3 foot 927 parts, tlic length 
of a fout ſolid will be found ro be about 81g parts. 
As 3.927 vnto 3.545: ſo 1.000 vnto 0.90 3; 
andſo are 903 vnto 81g, 


15 Hauing, the ſide of a ſquare equall to the baſe of ary. 
linder, to find the length of a feor ſolid, 


The {ide of a ſquare equall to the circle, may be found by 
che eighth Prop.of broad meaſure, and then this Prop. may 
be wwrought by the firſt and ſecond Prop.of ſolid mealure. 


17 Having the diameter of ac\linder,and the length 
ginen in inches $0 find che content in inches. 


A$1.128 ynto the diameter in inches: 
Sothe length in inches to a fourth number; 
and that fourth number to the content in inches. 


Fr jo So the diameter being 5 inches,and thelength 105, the 
£1 a8 . | > 
24/8 _—_— of the cylinder will be found to be abour 18560 1n- 
, +10 J' C11C$, 
BRL 

19 *.8y : As 1.1224 vnto 15: ſo are 105 vnto 1395.85: 
i) "SG and ſo are 1395,$7 vnto 18555.34+ 

|: 08 ; 
. 41 4 
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15 Hung the diameter andlength of a cylinder in foot 
meaſure, to find the content in feet. 


A$1.128 to the diameter in feet: 
So the length in feer ro a fourth number; 
and that fourth to the content in feet. - 


So the diamerer being 1 foote 25 parts, andthe length $ 
foor and 75 parts, the content of thecylinder will be found 
about 10 toot 74 parts. 

As1.128 vnto 1.25: ſo8.75 vnto 9.69: 
and o arc 9.69 vnto 10.737. 


19 Hauing the diamtter of a cylinder,and the length 
giuen in inches,to find the content in feet. 


As 46.90 to the diameter in inches: 
So the length in inches to a fourth number; 
and thar fourrh to che content in feet, 


So the diameter being 15 inches,and the length zog, rhe 
content will be found about 10 foot 74 parts. 
As46.906 vnto t5: ſo 10g vnto 33.58: 
and ſo are 33.58 vnto 10.737. 


20 Hauing the diameter of a cylinder giuen in inche: 
and the length in feet to find the content in feer. 


As13.54 to the diaineter ininche:: 
So the length in feet to afourth number; 
and that tourth to the content 1n feete., 


So the diameter being 15 inches, and the length $ toote 
75 parts,the content will be found abour 10 foot 744 parts, 
AS13.54 vato15:ſo08.75 vnto 9.69; 
and ſo are 9.69 vato 10.74, 


21 £1 4- 


48 The ſe of the lint of Numbers 


:1 Haning the circumference and the length of 4 cylindey 
2iuen ininches,to find the content in inches. 


As 3.545 tothe circuinference in inches: 
So the length in inches ro a fourth number; 
and that tourth to the content in inches. 


So the circumference being 47 inches 13 parts, and thc 
length rog inches, the content will be tound about 1856c 


'ncnhcs. 
As 3.545 vnto 47.13: ſo roy vneo 1395: 
and ſo arc 1396 vnto 18555. 


22 Hauing the circumference and length of a eylinder 
Linen in inches,to find the content is feet. 


As 147-36 tothe circumference in'inches: 
So the length in inches to atourth number; 
andthat fourth to the content in feet, 


So the circumference being 47 inches 13 parts, and rhe 
length 205 inches, the content will be found about to footc 


74 parts, 
AS-147.36 vato 47-13: ſorog vato 33.58: 
and {o are 33.58 vnto 10,74. 


23 Hauing the circumference and length of a cylinder - 
giuen in foot meaſuregs ſmad ihe coment in feet. 


As 3.545 tothe circumference ip feet: 
So thie length in feet to a fourth number; 
and that fourth ro the content in feet. 


'So the circumference being 3 foote 927 parts, and r}\c 
length 8 foot 75 parts,the content wil be found to be 10 foot 


74 Parts. 


As 3.5 45 vnto 3.927: ſoV.75 vnto 9.59: 
avd1o arc 9.69 vnto 10.7, 
gy 24 Ha- 


24 Having the circumferenceof « cylinder ginew in inches 
and the length in foot meaſure, to find the 
content in feats. 


As 42:54 ro the circumferance.in inches> ; . 
Sothe length in feet to a fourth nuniber; 
and thar tourth co the convent in eee. Y 
So rhe circumference being 47 inches 13 parts, and the 
Jengrh 8 ftoor 75 parts, the content will be tound as betore, 
19 toot 74 parts. bf, 
As$42.54 vnto 47.13: ſo $8.55 vato 9.69: 
and ſo are 9.69 vnto 19.74. 


CHAP. 1111. 


The w/e of the line of Numbers in gauze- 
ing of veſſels. 


He vellels which are here meaſurey, are ſuppoſed to be 

cylinders, or reduced vnto cylinders,by taking the mean 
berweene che diameter at the h1cad and the dianierer ar che 
bongue, atrer the vſuall maner. 


1 Having the diameter and the length of & veel 
with the comtent thereof, to find | 
the gauge poigt. 


Extend che compalles in the line of w#wwmbers to halte the 
diſtance berweene che. cangent and che length ot the vellcll, 
the ſame extent will reach from the diameter ro the gauge 
point. a 

| put chis prepoſirion firſt, becaule thele kind of meaſures 
are not alike 1n all places. Here at London it is {aid chat a 
wine vctlcll being 66 inches in length, and 38 inclics the dia- 
meter, would contajnc El gallons; which zt ut þc true, We 
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gl The oſc of the line of Nambers in gauging. 
may diuide the ſpace betweene 324 and 66 into two equall 
parts, and the middle will fall about 146, and the ſame ex- 
cent which reacheth from 324 ro 146,wil reach from the diz- 
meter 38 vnto 17,15 the gauge poine for a gallon of wine or 
oyle after London mcafure. The like reaſon holdeth for the 
like meaſures in all ocher places. | 


2 Having the meane diameter andthe length of « veſſel, 
to find the canteny. 


Extend eh.c compatles from the gauge port to the meane 
diameter, the ſame extent being doubled, ſhall-giue the di- 
ſtance trom the length to the content. 

So- the meane diameter of a wine vellell being 20 inches, 
andrhe length 25 inclics, the contene will be found to be 34 
gallons attcr Lond6 meaſure, For extend the compalles from 
17.25 vnto 20,the ſame extent wil reach from 25 vnto 29.15, 
and trom 29.15 vnto 34, 

In like maner it the meane diameter were 16 inches, and 
thelengch 23, the content would be found to be abouc 29 
gellons.For tlic ſame exrent which reacheth back from 27.15 
vneo 16, will reach from 23 to 21.45, and from 21.45 vnta 
30. | 

So that it the meane diameter ſhall be r7 inches and 15 
cenceſmes ox parts of 1og,tle number of inches in che length 
of the vellcll, will give che number bf gallons contained in 
the ſame veſlell : if the.diameter ſhall be more or letle the 
29:5, the conrent in gallons will be accordingly more © 
Ietle chen chic iengrh in inches, 


3 Hauing the diameter ana content, to find the length. 


Extend the compatfes from the diameter to the gauges 
point, the ſame extent berng doubled ſhall giue the —_— 
trom che conteneto the Jengeh of the velleſſ 

So'the gauge point ſtanding as before, if the diameter ſhal 
be 381ncheg,and clic content 324 gallons wine meaſure, the 
: length 


 Thewfe of theſe lines in Aſtrewowies 70 
length of the veilcls will be found about 66 inches, 
4 Haning the length of « veſ;ll and the content, 
ta find the diameter. 


Extend the cornpalles to halfe the diſtance betweene the 
length and the content, the ſaine extent ſhall reach from the 
gavge point to the diameter. 

_ | 9 length being 66 inches, and the contenr 324 pal- 
lons wine meaſure, the gauge point ſtanding as before, the 
diameter of the veſlcll will be found ro-be about 38 inches. 


CHAP. V. 


(ontaining (uch Aſtronomicall propoſitions 
45 are of ordinaryroſe in the pras 


iſe of Nauization, 


1 To findthe altitude of the Sunne by the ſludow 
of 4 gnomon ſet perpendicular 


£8 the hortwon, 


As the patts of the ſhadow 

arc to the parts of che gnomon: 
So the tangenr of 45 gr. 

tro the tangent altitnde, 

Extend the compalles in che line of nwmbers,from the parts 
of the ſhadow to the parts of the guowon; ehe lame extent wil 
give the diſtance from the tangent ot 45 gr. to the tangent 
of the Sunnes altirude. 

So the guomen being 36, and the ſhadow 27, the alricude 
will be found to be 36 gr.z 2». Or the gnomon being 27, and 
the ſhadow 36,the alcicude will be found co be 53 gr.8 m.Or 
the ſhadow being 20,and the gnomon g, the altitude will be 
found to be 25 gy, 14 #9, as in the cighth Prop. of che vic of 
the 5avgent linc. 


4 
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2 Hauing the diſtance of the Sunne, from the next equi- 
nottiall point, to find his declination, 


As the Radius is in proportion 
ro theline of the Sunnes greateſt declination: 
So the (ine of the Suns diſtance from the next equi- 
no@aall point, 
to the line of the declinarion required. 

Excend the compalles in the line of finer, from 90 gr. to 
23 gr.30 #n. the ſame extent will giuc che diſtance from the 
Sunncs place vnto his declination. 

So the Sunne being either in 29gr.of &, or 1 gr.of =, or 
1 gr.of ,or 29 gr.of M, that 15 59 gr.diſtant from the next c- 
quinodtiall pomnt,che declination will be fonnd abour 9, 

It the Sunne beſo neare the equinoQiall pornt chat his 
declination Fall to be vnder 1 gy. it may be found by the linc 
of »umbers, As it the Sunne were in 2gr.5 m.of V, that 1s, 
125 w.from the equinoQull point, the former extent ot the 
compaſlcs trom the ſine of go-gr. to the ſince of 23 gr. 30m, 
w1llreach in the line of #ambers from 125 vnto 50, which 
ſhewes the declination to be about Fo #». 


3 Huuine the latitude of the place, and the declination 
of the Sun, to fndthe time of the Suns 
riſing and ſetting. 


As the cotangent of the latitude 
co the tangenovof the Suns declination: 
So isthe Radive | 
ro the line of the aſcenfgonall difference betweene the 
houreof 6and rhe time of the Sunsriling orſetting. 
Extend che compatl[cs from che tangent of the comple- 
ment of the latitude, to the tangent of the declination : the 
ſame extent wil reach from the {ine of go gr.to the ſine of the 
aſcenlionall difference, | | 
Or extendthe compalles from the cotangent of the fatirude 
to 


ww Aftronomie. 53 
tothe (ine of go gr, the ſame extent will reach from the tan- 
gent of che d:clination tothe [ine of the aſcenſionall difte- 
rence, 

So the latitude being 51 gr, 30 m.Norchward, and the de- 
clination 20gr. the ditference of aſcenſion wil be found to be 
27 gr.14 mm, which reſolued into houres and minutes, doth 
giuer houre and almoſt 49 m, for the difference berweene 
che Sunnes riling or ſerting, and the houre of 6, according 
ro the time of the yeare, 


4 Hauing the latitade of the plaregand the diſtance of the 
Sun from the next equinodtiall point, to find 
bis amplitude, 


As the coline of the latitude 

to the line of the Suns greateſt declination: 
So the line of che place ot the Sun, 

co the line of the aniplitude, 
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So the laticude being 51 gr.30w. and the place of the Sun 
in 1.gr.ot x2, that 1s 59 gr.diſtant from rhe next equinoctiall 


point,the amplitude will be found'abour 33 gr.20 w.For cx- F114, 
tend the compaſlles in the line of fixes, from 38 gr.3z0 m. the ' 8: 518 


ſine of the complement of the latitude,vnto 23 gr. zo m. the 
fine of the Suns greateſt declination ; the ſame extent will 
reach from 59 gr-vnto 33 gr.zom. Or cxtcnd them from 3$ 
£r.30 w.vntO 59 gy» che {ame extent will reach from 2 3 gr. 
30 m.vnto 3327.20 m.45 before, 


5 Hauing the latitude of the place,and the declination 
of the Sun, ts find his amplitude. 


cesct 


As the coline of the latitude 
is ro the Radius: 

So the ſine of the dechmation, 
ro the linc of the amplitude, 


Extend the compalles from the coſine of the Iairude co 
83 the 
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= che ſine of 9ogr. the ſame extent will reach from che ſine 
SS of the Suns declination to the line of the amplitude. 
19 Or extend them from the coſine of the latitude to the line 
of the declination, the ſame excent will reach from the line 
of go gr.tothe ſine of the amplitude. 7; 
So the latitude being 5 1 gr.'30 w.. and the declination 26 
+, gr. the amplitude will be tound to be 33 gr.20 


Ld 

— 
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6 Hawing the latitude of the place, and the declination 
of the Sun, to find the time when the Sun 
cometh to be due Eaſt or weſt. 


As the tangent of the latitude, 
is ro the tangenr of the declination: 
So the Radius 
L to the coſine of the houre from the meridian, 
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Extend the compulles from the tangent of the Jarirude to 
the tangene of the declinationy the ſame extent will reach 
from the linc of go gr. tothe line of the complement of clic 
houre. | 

Or cxtend them from the tangent of the larirude to the 
ſinc of go gr; the ſame cxtent will reach from the tangent of 
FE che declination to the fine of the complement of =, win 

L So the latitude being 51 gr.zo w. and the declination 29 
gr. the Sunne will be 73 gr. 10m: that is 4 houres and 53 m, 
tro the-meridian,when he cometh to be in the Eaſt or Welk, 


bs ; 7 Haxing the latitude of the place, andthe declination of 
"4 the Sun, to find what altitude the Sun ſhall have, 
whew he cometh to be due Eaſt or weſt, 


Asthefine of the latitude 
15to the (ine of the declination: 


| So the Radius 
i , to the line of the altirude, 
bi | Extend the commpaſſes in the line of [ines from the latitude 
50 | to 
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tothe ſine of the declination, che ſame extent will reach 
ſrom the line of go gr. to the (ine of the alticude. 

Or extend them trom the fine of the latitude to the fine 
of go gr; theſame extenc will reach from the ſine of the de- 
clination to the line of the altitude. 

So the latitude being 51 grezo m. and the declination 20 
gr, the altitude will be-tound abour 2y pr.s 5 m. 


$ Haxing the latitude of the place,and the declination 
of the Swn,to find what altitude the Sun ſhall &} 
han at the houre of ſix. He + 


As the Radius is in proportion 

rothe line of the linc of the declinatione : 
So the line of the laticude 

to the line of the altitude, 


Extend che compatics inthe line of fines, trom go'ry. tothe * 
declination; the fame extent will reach trom the latitude cc i 
the altirudc. \* 

Or excend thin! trom ge gr.co the lariende , the tume cx» 
tent will hold from che declination to the atcirude. | 

$0 the latitude being 51 gr. 3o m. and che decimation of l- 
thc Sunne 20gr, the altitude oi the Sun will be tound io be 
about 15 gy. 30m; 


9 Haning thelititude of the place and the dec/inalion 
of the Sun,to find what azimmin the Sun: 
ſtall hawe at the houre of ſix, 


ATA, 


As the coline of rhe laticude 
1s tothe Radius: | 

So the corangent of the Suns declination; 
to the tangent of the azznuch from the Noreh part 
of the ancridian, 

<0 


56 Theſe of thelines of ſints and tangents 


So the latitude being 51 gr.30m. andthe declination 20 yr. 
the azimuth will be found to be 77 gr. 14 mm. For extend the 
compalles in the line of fines, from 38 gr.30 m. to gogr. the 
ſue extent will reach from the rangent of 70 gy. to the tan. 


ocnt of 77 gr.14 mn. 


10 Haring the latitude of the place,and the declination 
of the Sun,and the altitude of the Sun, 
to find the azimuth. 


Fir conſider the declination of the Sunne, whether it be 
toward the North or the South, fo haue you his diſtance 
from your pole: then addethis diſtance,the complement of 
1113 altitude, andthe complement of your latirude, all thrce 
rogether, and from halte the ſumme ſubcract che diſtance 
tiom the pole, andnote the difference, 


1 As thc Radius 1s in proportion 
to the coline of the altitude: 
So the coſine of the laticude,' 
co a fourth ſinc. 


2 As thistourth fine 
is to the (ine of the halfe fi 
So the line of the difference} 
to aſcucnth line. 


Then find a mecane proportionall betweene this ſeuenth 
ſine and the Radims, his meanc ſhall be the ſine of the com- 
plement ot halte the azimuth trom the North part of the me- 
ridian.} 

op the declination of the Sun being knowne by the 
cime of the yeare to be 20 gr.Southward, the altitude aboue 
the horizon fqund by oblernation 12 gr. and the latitude 
Northwards 5 1 gr. 30m. it were enivied: ro find the azimuth, 
Thedeclination is Southward, and therefore the diſtance 
trom the pole 1 10 gy; then gurning the altirude and latitude 
vnta their complements, I addethem all three rogerher, and 
from halfe the fume ſubtract the diſtance from the pole, 


noting 


ne: 


aoting the difference after this maner. 


: Declin.South 2o gr. om. The diſtance I10 gr. 0 w, 
Altitude I2 o The complement 758 »o 
LatitudeN,, 5t 3o The complement 38 3o 

The ſumme of all three 2 26 30 
The halfe ſumme 113 © uy. 
The difference 3 us 


This done,I come to the Staffe,and extend the compalles 
from the-ſine of go gr.to the (ine of 78 gr. and find che ſame 
extent to reach from the ſine of 38 gr. 30 mw. vnto 39 gr. 30 mm, 
Or if I extend chem from go gy. to 38 gr.z0m. the ſame cx- 
tent doth reach from 78 gr.vnto 37 gr. 30.m. which is the 
fourth ſine required. 

Then I extend the compalles againe,from this fourth line 
of 37 gr.30m.vnto the ſine of the halfe ſ\umme 113gr. 15 mw. 
that is to the ſine of 66 gr, 45 m1, (for after 90 gr. che ſine of 
$0 gr. doth ſtand for a ſine of roo gr. and the fine of 
7ogr.for aline of 110 gr. and lo the reſt for thoſe which 


are cheir complements to 180gr.) and this ſecond extent. 


doth reach from the ſine of the difference 3 gr.15 mw. tothe 
lineof4 gr.54m. OritI extend them from the tourth ſine 
of 37gr.30m. to the linc of the difference 3 gr.15 m. the 
ſame extent will reach from rhe {inc of che halte ſumme 113 
gr.15 m.vnto 4 gr.g4 m.which is the ſcucnth ſincrequired, 

Laſtly, I diutdethe ſpace betweene this ſeuenth ſine of 4 
gr.54 .and the lincof gogr.into two cquall parts,and I ind 
the meane proportional line to fall on 17 gr.v/hote-comple= 
ment 1573 gr; the double of 73 gr.is 146 gr. and {uchische 
azimuth required. 

Or hauing found the ſeventh inc to be 4 gr. 54m I might 
Jooke ouer againſt it,in che linc of verſed (ines, and there I 
ſhould find 246 gr. forthe azimuth from the Norrl: pare of 
the meridian; and the complement of 146 gr. to a {nice 
being 4 will giue the azimuth from the South part of 
the meridian, 

But if ic were required to find the azimuth in the ſame 1a- 
urude of 51 gr.30 m.Northward , with the fame alurude of 
I I2 
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a 
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| 7Tr-6UVjeof tneimes of (ewes and 
15gr. and Ike declination of 2o gy. to the Norchward, it 


0uld be found to be onely 72 gr.g2 w. chough the 1hancr 
9 worke he the ſame 25 before. 


Declin.North zo gr. om The diflance 15 70 gr.0 m. 


Altitude t2 o Thecomplement 938 o 
Latiiud North yr 39 Thecomplement 38 30 
The {umme ot all three 185 30 
The halfe ſummic 93 If 


The difference 


© Tereasthe Radius 1s to the fire of 73 pr: ſo the fine of 39 
$r.30m. tothe (inc of 37 gr.3o m9. which 1s the fourth (ine, 
and the ſame as before. 

Then as this fourth ſine of 37gyr.30 mn. 15s tothe fine of 93 
gr.15 w: ſo the (inc of 23 gr.i5 w.to the ſinc of 40 gr. 20 m, 
which 1s the ſeuenth ine. 

T he halfe way betweene this ſeuenth ſine and the ſine of 
90 gr. doth fall at 53 gr.34 mm. whoſe complement 1s 36 gr. 26 
m; and che double of that 1372 gr.52 wm. the azimuth requi- 
red. 

Or I may find this ſame azimuth in the line of verſed fees, 
ouer againſt the ſcuenth ſine of 4o gr.20 m. 


11 Hawing the latitude of the plate the declination of the 
Sup, and the altitude of the Sun, to find 
the houre of the day. 


Adde the complement of the Suns altitude, and the di- 
ſtance of the Sun from the pole,and the complement of your 
latitude,all three together, and from halte the ſumme ſub- 
tract the complement of the altitude, and note the diffe- 
rence. 

1 As the Radius is in proportion 
rothe ſine of theSuns diſtance from the pole: 
So the fine of the complement of the laticude, 
roa fourth ſine. 


2 As 


tangents in Aftrowonic, 59 


2- As this fourth line 
15to the line of the halfe ſurme. 
So the fine of the difference 


to a ſeuenth1 line, 
Che meanc proportionall bet:veerie this ſenenth fine and 


tic fine of go gr. will be the fine ot the complement ot ]:a!te 
'he hourc from the meridian. 

Thus in our latitude of 51 gr.3om. the declination of the 
Sun being 20 gr.Northward, and che altitude 12 gr, ] migh, 
find the Sun to be 95 gr.52 mtrom the meridian, ; 


Altitude 12gr.om, The complement is 78 gr. o m, 

Neclin.North 20 o the diſt.from the pole 570 o 

[ atirude Fi 3o thecomplementis 38 30 
The ſumme of all three 186 30 
The halfe ſmmme 93 15” 
The difference Ix 88 


Here as the Radius s to the fine of 70 gry. 

So the fine of 38 gr.zom. tothe line of 35 gr. 48 m5. 
Asthis linc of 35 gr.48#. isto the lincof 93 gr.15 we. 
Sothe line of 15 gr.15 m.to the line of 26 gr. 40 m, 

The halfe may between this ſcucnth fine of 26 gr.qo m.and 
the line of go gr.doth fall ar 42 gr. 4m. whoſe complement is 
47 gr.56 m. and the double of that, 95 gr.52 mw. which con- 
uertcd into houres,doth giue6 houres and almoſt 24m.fron 
the meridian, | 

Or I might find cheſegy gr 52 m.in the line of verſed fines, 
ouer againſt theſeuenth ſine of 26 pr. 40 m. 


12 Haning the 4z1muth, the Suns altitude, and the 
declination, to find the houre of the day, 


acrlic colinc of the declination 
14-0 theltne of the azimuch: 
:i:ecolinc of the altirugd- 


tac line of the 11:41;r 
' 4 T6 
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Thus the declination being 20 gr. Southward,the altitude 
t2g7. andche azimuth found by the tenth Prop. 146 py. 1 


might find the time to be 35 £r.36 m. chat is 2 houres 22 m1, 
from the meridian, 


13 Haxing the houre of the day, the Sunne: altitude, 
and the declination, to find the azimuth, 


As the coſine of the altitude 
is to the fine of the houre: 

So the coline of the declination, 
co the line of the azimuth. 


So thealtitude of the Sun being 12 gr. and thedeclination 
20 gr.Southward, and the angle of the houre 35 gr.36 ms. [ 
ſhould find the azimuth to be'34 gr. And ſo it is it it be rec- 
koned from the South ; but 146 gr. if it be taken from the 
North part of the meridian. 


14 Haging the diſtance of the Sun from the next equi. 
nottull point, to find bus right aſcenſion, | 


As the Radius | 

to the coſine of the greateſt declination: 
So the tangent of the diſtance, 

to the tangent of theright aſcenſion. 


So the Sun being in thefirſt degree of 2, that is 59 gy. di- 
{tant from rhe next equinottiall pornt, and the greateſt de- 
clination 23 gy.30 m.the right aſcenſion will be Grad to be 
56 gr. 46 wm. ſhort of the beginning of Y, and therefore 
303 gr. 14m. | 


15 Having the declination of the Sun, io find 
bu right aſcenſion. 


As the tangent of the puns declination 


15 to the tangent of the declination giuepz 


in Aftrowonzie. G1 
So the Radius 


to the line of che right afcen(ion, 

So the greateſt declinacion being 23 gr.30 m, and the de- 
clination of the Sun giuen 20 gy. the right aſcenſion will be 
found about 56 gr.zo m. 

Theſe are ſuch Aſtronomicall propoſitions as I take to be 
vſcfull for Sea-men. Forthe firft and fecoud will help them 
to find their latirude ; the third to find the Suns riſing and 
ſertingz the 4.5.6.7.3.9.10.13.Prop. to finde the variation of 
their compallec; the 11 and 12 Prop.to find the hourc of the 
day; and the rwo laft coward the finding of the houre of rhe 
night. For hauing thelaticude of the place, with che decli- 
nation and alticude of any (tarre, they may find che houre of 
the ſtarre from the meridian, asinche 11 Prop. Then com- 
paring the right aſcenſion of che ſtarre with che right afcen- 
lion of che Sunne, they may haue the houre of the 
night, 

Al theſe propoſitions and ſach others may be wrought 
alſo by che tables of fines and tangents. For where toure num- 
bers do hold in proportion; asthe,firſt tothe lecond, fo the 
third to the fourth; chere if we multiply the ſecond into the 
third, and diuide the produtt by the firſt, the quotient will 
give the fourth requrred, Asin the example of the lalt Prop, 
where the delination being giuen , it was required to find 
the right aſcenſion. The tangent of 20 gr. che declinarioit 
giuen is 3639702, which being mulciphed by the Radius, 
che produQt is 36397020000000, and this diuided by 
4348124 the tangent of 23 gr. 30 wm. the quoricnt 1s 
$370741 the linc of 56gr.gom. tor the right aſcenſion rc- 
quired. Han” 

Or if any will vſc my tables of artificial ines and tangents, 
they nay add the ſecond and the third work cr, a1 from 
the ſlumme ſubtract che firſt, the remainder will giue the 
fourth required. And lo my tangent of 20 gr.1S 9561 06 58, 
which being added to the Radius, makes 19561.0658; trom 
this if they ſubrraſt 9638.3019 the tangent of 23 g7.30m, 
they ſhall ind che remainder 50 be 9922-7639, which pf Bn 
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Canen 1s the (ine of 56 gr.49 m.56 ſecods;and ſuch is the right 
alcenſion required, zf 1t be reckoned from the next equiv: 
(t1«ll point, ; 

The like reaſon holdeth for all othier Aſtronomicall pro- 
poſitions,as I will farcher ſhew by thoſe two examples which 
I gave before for the finding of che az1much jn the 10 Prop. 
becaule they are thought ro be harder chien che reſt, and re- 
quire three operations. 


In the firſt example. 
Declin.South 20 gr. o w. The diſtance I10gr. cm. 
Altitude 12 o the complement 38 »© 
Latitude Nor. 51 3o the complement 38 +g 


- 
——— — FRY 


The ſumme of all three 6 bro 


The halfe ſumme 13: Is 
The difference ;. Is 
[he firſt operation will be to finde the fourth fine ; and 
that is done by adding tlic line of the complement of rhe al- 
ritude to the ſine of the complement of : we latitude, and 
ſubtracting the Radius: fo adding 9990.4044q the ſine of 78 
gr.vnto 9794.1495 the line of 38 gr.3o », the ſumme wil be 
19784.5539. Andthe Radius being ſubrracted, the remain- 
der $784.5539 15 the fourth ſine, and belongeth to 37 gr. 
30m. 

The ſecond operation will be to find the ſeventh ſine;and 
that 1s done by adding the fine of the halfe ſumme to the 
ſine ot the difference, and fubrrafting the fourth line, So 
the halfc ſumme being 113 gr.15 m. I cake his complement 
toa ſemicircle, and ſo find his line to be 9963.2168,to which 
I adde 855 3.5278, the line of the difference 3gr.15 mm; and 
che ſumme 13 18716.7446. From this I take the fourth line 
9784 5539, and the remainder will be 8933.1907, which is 
che ſeuenth ſine, and belongeth to 4 gr.54 mm. 

Thethird operation will be to finde the meane proportio- 
nall ſine betweenethe ſcucnth ſine and the Radius, This in 
common arithmetique 1s done by multiplying the tio cx- 
tremes, and taking the ſquare roote of theprodudt, Asin 

hnding 


fangents is Aſtrononue. G3 


frding a meane propottionall berwecne 4and g, we mul” 
tiply 4 into 9, and che produtt 15 36, whoſe ſquare roor 156, 
che meane proportionall between 4 and g. Bur here it 15 done 
by adding the line and the Radius, and caking the halfe of 
chem. So the ſumme of the laſt ſeuenth (ine and che Rading 
is 18932. 1907 and the halte of that 9466.095 3, whuch is the 
meane proportionall ſine required, and belongerh to 17 gr, 
whoſe complement i573 gr. andthe double of that 146 yr, 
the ſame azimuth as before. 


In the ſecond example. 


Declin.North 20 gr.o w. The diſtance 7097.0 mm, 

Alricude i2 o the complement 5$ o 

Latitud.North 51 zo the complement g8 40 
The ſumme of all three - 186 30. 
The halte ſumme 03 1s. 
The difference 2} 25 


The firſt operation will be to finde the fourth fine; and 
that 15 here 9784.55 39, a« in the former example. 

The ſecond operation wil be to find the ſeuench ſine;and 
ſo here the fine of the halte ſumme 93 gr. 15 m. beitty the 
'ame with the (inc of $6gr.45 w.his complement to 150 pr. I 
fnd it to be9999.3009, to which I adde 9596.3153 cheline 
of the difference 23 gr.15 m. andthe fumme 15 195935.616 2. 
From cls I take the fourth line 9784.55 39, and the remain- 
der will be g$11.0623 fortheſcucnth line, and belong ih io 
40 pr.20 1m. 

The third operation will be to find the meane proportio- 
nall line betweene the ſcuenth ſine and the Radius, And 10 
kere the Radius being added to the ſeuenth line,the fumme 
will be 19811.0623, and the halfe of thac 9905.5311 doth 
giue the meane proportionall ſine belonging to about 53 gr. 
34m.whole complement 15 36 gr.26 m,& the double ot thac 
72 gr.g2 m. the ſame azinwth as beforc, 

I haue ſer downe theſe three examples thus particularly, 
that I might ſhew the g—_—_— between the Sreffe and the 


Canon, But otherwiſe I might deliuer both the precept __ 
the 
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thc worke,for the two laſt, more compendiouſly. For gene- 
ally in all ſphericall triangles, where three ſides are knowne, 
and an angle required, make that fide which is oppoſice to 
che angle required, to be the baſe z and gather the ſumme, 
the halte ſumme,and the difference as before. 


As the reQangle contained vnder rhe ines of the fides, 
is rothe ſquare of the whole (inc: 
So the reangle contained ynder the fines of the halfe 
{umme and the diftcrence, 
to the ſquare of the coline of halfe the angle, 


Then for the worke, we may forthe moſt part leawe our 


the rwo laſt igures;and ifthey be abouc 50,pur an vaitic to 
the fixt place, after this maner. 


Theſecond example. 
7ogr.om 
78 oO 9990 40 
38 30 9794 15 
186 30 1978455 
93 IF 9999 30 
23 1s 9596 32 
20000100 


9905.53 $387.34. 
_ 5 


Or for ſuch numbers as are to be ſubtrated, I may take 
them out of the Radius, and write downe the reſidue, and 
then adde them together with the reſt , As in the ſame ſe- 
cond example, the fines of 78 gr, and of 38 gr. 30 m9. being 
the numbers to be ſubtracted; if I rake 9990. 4044 the 
ſine of 78 gr, out of the Radius xo000 0000, the reſidue 
15 95956: and 1o the reſidue of 9794. 149g is 205. 8505- 


Wherctore in Read of ſubtracting thoſe fines, I may addc 
thetc rcliducs after this maner ; 


79 
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70 gr.O mm, | 
78 © 959 
39 - 30 205 8g 
186 30 | 
yp ns 9999130 
mY ry 9596/32 
3 "9 —* — 
19811 06 
36 26 9905 53 $387.34» 


Having theſe meanesto find the Sunnes azumuth, we may 
compare it with the magnericall azimuth , and ſo finde the 
variation of che needle. 


For let the circle A 1 B, drawne on the center Z, be 4 
Jane,parallell co the horizon; A the point whereon the Sun 
Lek trom vs, A the North point of the magneticall nee- 
dle, andthe angle AZ M the magneticall azimuch. If we 
find theSunnes azimuth as beforc,to be p2 gr. 52 m.fromehe 
North to the Weſlward,we may allow {9 many degrees from 
Avnto N, and fo we haue the true North poine from che 
meridian, and conſequently che Eaſt, South,and Welt points 
of the horizon; and the diſtance betweene N and Ad  - 
1 c 
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the variation of the needle, So thar if the magneticall azi- 
muth A Z M ſhall be $4 gr.9 m.and the Suns azimuth AZN 
72 gr.52 . then muſt NZ M the difference betweene the 
two meridians,giue the variation to be 11 gr.l 5 w.as MY, Bog. 
rowgh heretofore found it by his obſeruations at Limehouſe 11 
the yearc 1580. But if the magnericall azumuth AZ M ſhall 
be 7987 ”. and che Sunsaziumuth AZN 72 gr.52w, then 
ſhall the variation NZ M be only 6 gr.15 w. as I hauc ſome- 
c:mes found it of lace. Hereypon I enquired after the place 
where MF. Bourergh obſcrucd, and went to Limehouſe with 
ſome of my friends, and rooke with vs a quadrant of 3 toote 
ſemidiameter, andtwo needles, the one aboue 6 inches, and 
the other 10 inches long, where I made che {emidiameter of 
my horizontall plane AZ 12 mches: and toward night the 
x3 of Iunc 1622, ] made obſeruation in ſeucrall parts of the 
ground, and tound as followeth. 


Tt. © AZM AZ N Variat 
Gr.M. Gr. M.'Gr.M. Gr.M. 


119 oO 82 2.75 52/6 10, 
18 $580 5074 446__6 
117 3480 | 0/74. 65 54 
17. ©79 13173 05 55 
26 1878 12172 325 4© 
26. 077 $072 305 40 


zo 1ol7r 364 49/6 13 


{ 2 52]70 12:64 255 47 
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CHAP. VI. 


Containing ſuch nanticall queſtions ,@s are | 


of ordmary vſe, concerning longitude, 
latitude,Rumb,and diſtance. 


1 To keep a account of the ſhips way, 


He way that the ſhip maketh,, may be 
knowne to an old ſea-man by experience, | 


by orhers it may be found for ſomi© ſmall por- E 


tion of time,either by the log line, or by the di- 
ſtance of ewo knowne markes on the ſhips ſide. 


q 
; : eons ; | 
The time in which it maketh this way, may be A 


meaſured by a watch,or by a glatle,Then as long 
as the wind continuerh ar the ſame ſtay, ir fol- 
loweth by proportion, 

Asthe time giuen 1s to an houre: 

So the way made, to an houres way. 


Suppoſe the time to be x5 ſeconds, which (= 


make a quarter of a minute, and che way of the 
ſhip $8 keer: chen becauſe there arc 3600 {econds 
in an houre, I may extendthe compalles in the 
linc of nwmbers,from 15 vnto 36c0,and the lame 
extent will reach from 88 vnto 21120. 

Or I may extend them from 15 vnto 88, and 
this extent will reach from 3600 vnto 21120; / 
which ſhewes that an houres way came to 21120 
fecre. | 

| 
| 


Bur chis were an vnnecellary buſinetle,to hear- 
ken after feer or fadoms. It ſuiicerh our tea-men 


8 
And they ſay that there arc 5 feet in a pace, 1000 2 
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ring ſcuerall obſcruations, and their meaſures wich our feete 
vſuall about Londex, I find: that we may allow 352000 feete 
to adegrec; and then if I extend the compalles in the line of 
wwmbers from 352000 vnto 21120, I ſhall find thaiſame extent 
to reach trom 20 leagues the meaſure of one degree, to 1.2, 
and from 60 milesto 3.6;which ſhewes the houres way to be 
x league and 2 tenths of a league, or 3 miles and 6 tenths of a 
mile. 

But to auoid theſe frations and other tedious reduions, 
I ſuppole it would be more cafie to keep this account of rhe 
ſhips way (as alſo of the difference of latitude, and the diffe- 
rence of longitude) by degrees and parts of degrees, allow- 
ing 1co parts to each degree, which we may therefore call 
by the name of centeſmer, Neither would this be hard to con- 
ccine, For it 100 ſuch parts do make a degree, then ſhall 59 
parcs be cquall ro 30 minures, as 3o minures are cquall ro 10 
Icagues. And 5 parts ſhall be equall co 3 minutes,as 3 minutes 
arc equall to1 league, And ſo the ſame extent as before,will 
reach trom 100 parts vnto 6; which ſhewes that the hourcs 
way required 156 cent, ſuch as 100 do make a degree,and 5 do 
make an ordinary league, 

Thts might alſo be done at one operation, For vpon theſe 
A, I AY 44-49 into 45 lengths; andlet as many 
of them as you may conueniently  betweene rwo markes on 
the ſhips ſide, and note the ſeconds of nme in which the ſhip 
gocth rhele ngevs : fothc lengths diuided by the time, ſhall 
gue the cent.which the ſhip gocch m1 an houre, 

Suppote the diſtance berw. cne the rwo markes to bebo 
lengths (which are 58 feet and 8 inches) and let che time be 
2 {ceonds: extend the coumpatllcs trom 12 to 1,in the line of 
numbers; lo the lame extent will reach from 60 vnro 5.Or ex- 
rendrthein trom 12 vnto 60, and the ſame extent will reach 
from 1 vnto 5, Thisſhewes that the ſhips way 1s according to 
5 cent.in an houre, | 

This may befound yet more eaſily, if the log line ſhall be 
firred ro the time, As if the time be 45 ſeconds, the log line 
may hauc a knot at the end of cuery 44 keete; then doch the 


ſhip 


in Nauigation. 69 


ſhip run ſo many cent.in an houre, as there are knots vered 
out in the ſpace of 4 ſeconds. It 30 ſeconds do ſeeme to be 
a more conuentent time,rhe log line may hane a knot at the 
end of cuery 29 feet and4q inches; and then allo the centeſmes 
w:ll be as many as the knots. Or if the knors be made ro any 
ſet number of feer, the time niay be firted vnto the diſtance, 
As if the knors be made art the cnd of euery 24 tect,the platle 
may be made 24 ſeconds and ſomewhat more then 'an haltc 
of a ſecond; and fo theſe knots will ſhew the cert. It there be 
5 knots vercd our in a plaiſe,then x rent; if 6 knots,then the 
ſhip goerh 6 cent.in the ſpace of an houre; and ſo inthe reſt. 
For vpon this ſuppolition,the proportion berwecn the time 
andrhe feet will be as 45 vnto 44. But according to the com- 
mon ſuppoſition it ſhould ſeeme to be as 45 vnto 37 *,or in 
Jelſer termes as 6 vnro 5, Thoſe which are ypon the place, 


may make proofec of both, and follow chat which aprees beſt 
with their experience. 


2 By the latitude and difference of lonoitude, to find 
the diſtance upon a ccurſe of Eaſt and Weſt. 


Extend the compatlles from che fine of gogr.vnto the ſine 
of che complement of the !1tirudethe fame extent thal reach 
in the linc of »@mb:rs from the ditfercnce of longitude ro 
the diitance, ; 

So the meaſure of one degree in the canator, being 100 
cent, che diſtance belonging ro one degree of Jonviude in 
the latitude of 51 gr.30 m. will be found abour 62 cent.nud 


By 
Or if the meaſure ot a degree be 60 miles, this cittance will 
be found awourt 37 miles and ;.It the meature be 20 leagues, 
then almoſt 12 leagues and {, If che meaſure he 17, as in 
the Spaniſh charts, then ſomewhar leſſe chew 17 leanucs {als 
ling vpan this parallel[, will giue an alceration of one depree 
ot longitude, 
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3 Bythe latitude and diſtance vpon 4 courſe of Eaſt 
or weſt, to find the difference of longitude. 


Extend the compalles from the (inc of the complement 
of the latitude,to the ſine of 9o gr; the ſame extent wil reach 
 intheline of »wwbers from the diſtance to the difference of 
longitude, 
So the diſtance vpon a courſe of Eaſt or Well, in the lati- 
34 thde of 51 gr.zom.being 160 cent.the difference ot longitude 
s- will betound 1.60, which make one degree and 6o centeſmes 
Or1gr.36 m, 
Or it it be 60 miles, the difference of longirude wil be 96, 
which alſo make x gr.36 m. as before. 


4 The 


A—_ me. a a. 


$.1ngents in Nauigation, ol 


4 The longitude and latitude of tws places bring giuen, 
to find the Rumb leading from the one 
to the other. 


Excend the compalles in the line of #wmbers from rhe d:ffe- 
rence of latitudes ro the difference of longitudes ; the ſame 
extent will giue che diſtance from the tangent of 45 gr.vnro 
the tangent of the Ruinb,according to the proietion of che 
common ſea-charr. 

So the latir1de of the firft place being: Fogr. the latitude 
ofthe ſecond 52 gr. zom. andrhe difference of longirude 6 
gr. che Rumb will be found co be about 67 gr.23 w. which 1s 
neare the inclination of the (ixch Rumb to che meridian. Buc 
this Rumb (o found,isalwayes greater then it ſhould be, and 
therefore to be limired ; which may be done ſufhciently for 
the Sca-mans vſe,atter this maner: 

Extend the compalles either from the inc of go gr. vaco 
the line of the complement of the middle latirude, che fame 
extent will reach fro the tangent of the Rumb bctore toun 1, 
to the rangent of the Rumb limited. 

Orellc extend them from the line of go gr. vnto the tan- 
gent of rhe Rumy betore found ; the ſame extent will reach 
from the tine of the complement of the middle 1a: 1rude,vnto 
the tangent of the Rumb limiced, 

So the middle latitude berween 5ogr.1nd 52 £7.30 mw. be- 
ng 517.15 m. and che Rumb beforc tound 67 gr.23 m. the 
Rumb lymired w'll be foundco be about 55 gr. 20m.which 1s 
but hue 1ninutes more then the inclination of the hit Rumb 
tothe meridian. | 

2 ThisRumb may be found by the heip of ric meridian 
line vpon the Staffe. For if I cake the dittcrence of laticude 
out of the meridean line from 5o gr.vnro 52 .gy.30 m. and mca- 
ſure it in his equinoctiall, or atche beginnmyg of the median 
line,l (hall find it chere to be equalro q gr. Wheretore I work 
1%1f the difference of Jatitude were 4 gr. and exrend the com- 
patles 11 the Line of wwwbers from 4 vato G6: fo hall I finde 
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72 The ſe of the lines of ſints and tangents 


the ſame extent ro reach from the tangent of 47 gr. vnto the 
tangent of 56 gr. 2055, andthisisthe inclinacion of the 
Rub required, 


5 By the Rumb and both latitudes, to find 
the diſtance vpon the Rums. 


Extend the compalles from the fine of the complement of 
theRumb,yvnco the line of gogr. the ſame exrent in the line 
ot uambers [11111 reach trom the difference of laticude vnto 
the dittanice ypon the Rumtb, 

So the Jatitude of the firit place being 5o ey. the latitude 
ofthe ſecond 52 gr.z0m. indebe Rumb the fitt from the me- 
ridian. It I extend the compatles from 33 gr.45 m. vnto the 
line of gogr. I ſhall find theſame cxrent m the line of wwm- 
bers co reach trom 2.gr.50 cent.co 4gr.50 cent. anduch is the 
diitance required, 


6 By the diflance and both latitudes to find 
the Rumb. 


Extend the compalles in the line of n#mbers from the di- 
ſtance vnto the diftcrence of latitudes ; the ſame extent v.11! 
reach in che line of ſmes,trcm gogr. vato the complement of 
the Rumdb. 

So the one place being in the latitude of 5o gy. the other 
in cthelatitude of 52 gr.30 mm, and the diſtance between them 
4 £r.50 cent, If I extend the compatiles from 4.50 vato 2.50 
'n the lincof numbers, I ſhall find the ſame extent wo reach 
trom the ſine of gogr. vnto the complement of 56 gr.15 mm, 
and ſuch 1s rhe inclination of the Rumb required, 


7 By one latitude,Rumb,end diſtance, to find the 
difference of latitudes. 


Extend the cowpalles in the line of fmes, from go gr. vnto 
the complement ot the Rumbz the ſame extent inthe line ot 
numbers 


#1 Nanigation, 


embers, will reach from the diſtance, vnto the difference of 


latitudes, 

So the leſleraltitude being go gr.and the diſtance 4 gr. 50 
cent,vpon the fifth Rumb from che meridian: if I extend the 
compallesfrom the ſinc of go gr.co 33 gr.q4s m. I ſhall Gnde 
the lame extent to reach from 4.50 in the line of awwbers,vn- 
to 2.50;and therefore the {econd latitude to be 53.87.30 we 


8 By the Rumb and both latitudes, to find the 
difference of longitude. 


Extend the compatlles from the tangent of 45 gr. vnto the 
tangent of the Rumb; the ſame excent will reach in the line 
of nambers trom the difference of latitudes vnto the ditfe- 
rence of longicude, according to the proietion ofthe com- 
10n ſea-chart. 

So thefiilt latitude being 5o gr. and the ſecond 52 gr.30 m. 
andthe Rumb the fifth trom the meridian : if I extend the 
compalles from the tangent of 45 gr.ynto 56 gr.15 m. 4 ſhall 
find the ſame extent to reach from 2.50 in the line of wwm- 
bers ro about 3.75, which make 3 9r.45 m.Bur this difference 
of longitude fo found,1s alivayes lfſer then it ſhould be, and 
therctore to be enlarged, which may be done ſuthciently for 
the ſea-mens vſe,after this maner: 

Extend the compalles trom the (ine of the complement 
ot the middle latitude,ynto the line of go gr. the ſame extent 
will rcach in the line of nww#bers from rhe difference of lon- 
»itude betore found, vato the differenco of longitude 1n- 
larged. 

So the middle Jatitude in this example being 51 g5.15 7. 
and the difference of longitude before found 3 gr.75 cent. che 
difference of longitude mlarged wall be found about 5 2r. 
99 cent, which arc ncarc 6 or. ; 

2 This difference of longitude may be found by help ot 
the meridian line ypon the Staffe.For if I tae thc prop! d.ttc- 
rence of latitude out of the micridian line, and meaſ:irc it 
hs equinoGtall, or at the beginning of che meridian line, 


ceSel 


74 The ſe of the lines of numbers, 


I (hall 6nd it to be cquall ro foure of coſe degrees, Where- 
fore haning cxrended tne compalles as betore from che tan- 
gent'of 45 gr.vnto che tangent 015% v7.15 m, the ſame ex- 
tent will izch from 4.09 inthe line v1 numbers, Vito 5.9: 
which thewes the diulerence of longitude wo be avout 5 gr. 
99 cent. or about Jake a minute chore of lix degrees. 


9 Py the LOTITY 44 h th Fate 's et flade th? 1r7.ince 
beitunging tothe cnart of \iv cators protection, 

T i've ho propcr > fF-rence OT [1t todos Que of the Neri 
dian l1ne of the char, and meuture 1 on [1s equinaciiall, or 
one of the parallels, and ir w/Il rrere zine the difference of 
laticudes inlarged; Then extend v1 compattes trom the fine 
of the complement 0: the Rwy vato the fine of 90 er. the 
Came extent win llreach in the hinge of aambers, trom the [aci- 
tude mloryed,vaco the d:tunce required, Or extend them 
from the complenent of the Ramb to che laticude mlarged, 
the {aye extent will rexw' {rom go gr.vato the diſtance, 

For example, |. the place 161 be en che licirude of 
5ogr. D muiheJiomar tt g2./4.30m, el I the wttercnce 
ot lattudes, avd the Rum 'f 4 1 the fiteh from the mert- 
Qian, 1:;t] takeout FM the aut. reacc of laticud ts, and 

reafureiin 4 FE one ofthe pariilels of the coumoctiall; I 
ind 1tt0 be very neareg cr: tt! Sthedincicuce of [icud os 
larocd. Tuco 11] extend ihe cormmpalles tom tion of 32 
er ,q45 m. the complement of ac itch Runtb vio che line 
yo gr. Till fndithe lame excentioreachin the line of nrm- 
Lers twin 4coMntog.20, Audthisirhed:itince belong ing 
toe Vheretor? T rake our thefe 7 02.20 ext, our il 
tie ſcule ol th paralleltt 4, and Pricke It :OWNC Vp on tic 
kuv tome vnoeD, where ur on eeth with the paralle!! 
oe het onalanyude, 1 rxitly, I maafurent in the meridn 
cine, 1199 ONE fFOOte Oz tlic compatles as much below the 
Wir lot ude iwkgother zbone the greater latitude, and 
tnditobegyt.ocert, which 3s the lanic diltance that 1 
tuund beotore ztithe 5.1 roap, 
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ſines and tangents in Nanization, 75 


10 By the way of the ſhip, and tro aneles of poſticy, 
to find 1),c diftance between vie ſhip bil 
aud the land. 


The way ot he tlup way be knovne asin the biſt Prop, { 
The angles may be ol:t.1uce ciiher by the Statte,or by a nee- | 
dleſcton the Sane, tor ext pleſuppole that betng ar eF, 
[ had tight of the lang at 5, the 1tlup going Faſt Norcheaft 
iom A toward C, and iheargple of thy (hips potition B AC | 
being 43 £r.20 mm: alidatrer that rhetliphad made 10 cert. | 
07 2 leagues ot way trom A vnto 1), ] 6{jcued againe, and 


found the ſecond angle ot the ſhips porhicion BDC to be 58 93} 
gr, orthe inward anple BD Aro he 122 gr. then way I inde "I 
thethird angle A B Dto be 14 g1.40 m.cithcr by ſubtraction , \'* 
or by complemecur vnto 180 gr. : 


1 


l . oy . . * . 
. In this and the like caſes, I have a riohe line triangle, in 
which there is onelide and three angles krovene, and 1t 7 


required to finde the other tio ſides and the Canon lorit, 13 
this; \ $464 
k-'23 As | 8 


76 Theſe of the lines of ints and tangents 


Asthe ſine of the angle oppoſite to the knownelide, 
is to that knowne fide: 

So the line of the angle oppolire to che lide required, 
isto he {ide required. 


Wherefore I extend the compalles from 14 gr. qo m.in the 
nes, to 10 inline of numbers', and this extent doth reach 
from 58gr.to 33 £, andſuch1s che diſtance between A and 
B, and it reachech from 43 gr.20 m9. vnto 27 inthe line of 
wumberr, and ſuch 1s the diſtance from D to B, 

Theſe two diſtances being knowne,I may fet out the land 
vpon the chart , For hauing ſet downe the way of the ſhip 
from 4 to D by that which I ſhewed before in the vie of the 
meridian lime, 1 may by che ſame reaſon ſet off the diſtance 
AB and DB, which meeting in the point B, ſhall there re- 
ſcmble rhe land required. 


117 By knowing the diſtance between two places on the lands 
and how they beare owe from the other, and having the 


an2les of poſition at the ſhip to find the diſtance 
betweene the ſhip and rhe land. 


If it may be conueniently,let the angle of polition be ob- 
ſcrued arſuch time as the ſhip cometh to be right ouer a- 
ainſt one of the places. As1it the places be Eaſt and \Weft, 
Geke ro bring one of them South or Norch from yau , and 
then ob{crue the angle of poſition: ſo jhall you haue a right 
line triangle, with one (ide and three angles, whereby to find 
the two other ſides. Firſt you haue the angle of poſition ar 
the ſhip; then a right angle at the place that js ouer againſt 
you; and the third angle at the other place is che complement 
co the angle of poſition. Wherefore 


As the fine of the angle of polition, 
is ro the diſtance berweene the ewo places: 
So the coline of the angle of policion, 
roche diſtance betweene the ſhip audthe nearer plac 
And 


in Nanizaticn. 77 


And ſo is the fine of gogr. 
co the diſtance from the ſhip ro the farther place, 


So the places being r5 gent. or three leagues one from 
the other,and the angle of poſition 29 gr;the nearer diſtance 
will be found about 27 cent, and the tarther diſtance abour 
31 nent. 

Or howſoeuer the angle of poſition were obſerned, the 
diſtance berweene the ſhip Sand 9s land may be found gene- 
rally as in this example: ; 

Suppole A and D were two head lands knowne to be Faſt 
Northeaſt, and Weſt Southweſt, 10 cent, or two leagues 
one from the other; and rhat the ſhip being at B,I ob{crued 
the angle of the ſhips poſition DB A, and tound it to be 14 
gr.40 m. and that D did beare 9g gr.zom. and A 24 gr.10 m. 
trom the meridian BS, this example would be like the for- 
mer. For if the angle SBD be 9 2r.30 m.trom the South to 
the Weſtward,then ſhall VDB be 9 gr. 3o m.trom the North 
to che Eaſtward. Take theſe 9gr. zo m.our of the angle ND E 
which is 67gr. 30 m. becaute the two head lands lic Eaft 
Northeatt, and there will remaine 58 gr.tor the angle BDE, 
and the t1ward angle BDA hall be 122 gr. Take thete two 
angles A BDandB DA our of 180 gr. and th re wil remaine 
43 gr 20 m.forthe third angle BAD.Wherctore here allo are 
three ancles and one (ide, by which I may find che eo other 
ſides,as in the laſt Prop. 

T heſe propoſitions thus wrought by the Statfe, are ſuch 
as I chonght to be victull tor ſea-mengand thot- thr arc $kils 
full may apply the example to many others. Thoſe that be- 

7in, and are willing to practiſe, may bulie themſclucs with 
this which tollowech. 

Suppoſe foure ports, L, N,O, P; of which L is in the lati- 
eude of 5ogr. N 1s North trom Þ 200 leagues or 1009 cen- 
 toſmer; O Welt trom £ 1000 cexr. and Þ Welt trom N 
1960 cent: fo chat L and O will be inchetame latitude 
of gogr. Nand Pe borh in che latitude of 60 gr. Theu ler ewo 


ſhips depart from L, the one to touch ar O, che oclier at V, 
; k 3 and 


TH On, . . . , 
3 The ſe of theſe lints in Nanization, 


and then both to meet at P, there to lade, and from thence 
to rcturne the neareſt way vuto Z, Here many quelttions 


may bc propoſed. > 


Whartis the longitude of rhe port at O? 

2. Wiarnthe longiuce 0: P? Ang v. ny O and Þ thou! 
not be w tlie tang lonorude; 
3 Whiarin the Runib trom 0 vato P? 

What n the ditl.iice from O wato P? And vv ly eh 
way thould Le more from /. into P, going by O, ther, 
by N? 

'5 Whlantisthe Rumb from P vnto L? 
s What 1sthe diſtance tro P vnto [2 
7 Whatithe Rumbirom NN voto Oz! 
$ Whar 1 the diſtance from N vnto O? And why r 
Mould nor be the ike Rumb and dittance trom NV vnto GC, 
as from P yvnto L? 


Theſe queſtions well confidered, and either refolued þy 
the Statfe, or pricked downe on the chart, and compared 
with the globe aud the common Sca-chiart, will giue fone 
lIighrrothe direction of a courſe, and reduQicn ot placcs to 
thcir due Jongitade , which are now touly diſtorted in the 
common Sea-charts, 


An 


I” 


07 
An Appendix concerning 


The deſcription and oſs of an inſtrument, made 
im forme of a Croſle-bow,for the more caz 


fie findins of the latitude at Sea. 


& how former Prop. {uppoſe the latirnde to be knowne, 
I will here ſheiww how 1t may be caſily obſerned. 

Vopon the center .7, md ſemidiameter A B,d:{cribe an ark 
ctacncleSBN, The tame feratdiamerer will for of Go gr. 
ro Bueno Storthe Sourh end, and other 60 gr. trom B vi 
tA tor rhe North end ot the Bovw : fo the whole Bow will 
comune 120 gr therhird parrot a circle, Lett therctore be 
« wd-d 1nto lo many degrees, andeach degree fnbdiuded 
incoliy par:s,that each part may be ren minures: bur ler the 
miunvcr>s {or tout beg. ro. 15, vnto yo or, and then againe 
5-10 15.vito 25. tha” 55 may tall in the nuddle, av ribs 
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i he Bow being thus dinid:d and num bred, you niiy ior 
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$5 The deſcription of the Bow. 
ſuch ſtarres as are fir for obſernation vpon the ſide of the 
Bow. 

It you deſire to make vſe of it in North latitude, you may 
number 23 gr.zo m. from go towards the end of the Bowe 
at N,andthere place the tenth day of Iune, And 23 gr.30m, 
from go toward $; and there ar 66 gr.3o m. place the ren:h 
day of December. And fo the reſt ot the dayes of the yeare, 
according to the declination of che Sunne ar the ſame dyes. 
The ſtarres may be placed in like maner according to their 
declinations, 

Arcturus at 21 gr. 10m, 

The Buls eye Is 03 

The Lions heart 13 45 

The Vulcures heart 7 58 

The ltcledog 6 9g from go roward the 
North end of the Bowat N. Then for Southerne ſtarres,you 
may number their declination from 90 toward the South 


cud of the Bowat S, As firſt the throc ſtarres in Orions g11- 
dlc, 


The firſt ar Ogre. 37 mM. 
The tecond I 28 ; 
The chird 2 If! 


The Hydra's heart #7 5 

The virgins ſpike E--—u6 

The preat dog 286 32 

The Scorpions heart 25 3o 

Fomahant 31 3o And ſo the South 
crowne, the triangle, the clouds, the croſicrs, or what other 
ſtarres you think ht tor obſeruation. Thi: I call the fore ſide 
ct the-Bow, | 

It you deljre to make yſe of it in South Jatitude,you may 
turne the Bow, and divide the backe fide of it, and number 
it in ke mancr; and then put on the moncths and dayes of 
the yeare, placing the tenth of December at the South cnd, 
andchertenth of June toward the middle of the Bew, and 
_ reſt of che dayes according to the Sunnes declination as 
crore. 


The 


Thewoft of the Bow,  Þ 
The chiefeft of the Northerne ſtarres may here be placed 


in like maner accordin; to their declination, Anno 162g. 


The pole ſtarre at 87 gr. 20m, 
The firlt guard 75 4s 
The ſecond guard 323 2 
The great Bearcs backe 63z 45 
firſt 58 2 
In the great gecond 57 5s 
Beares taile hi. 4 "i 
The ſide of Perſeus 48 28 
The goate - oe - 39 
The taile of the ſwan 44 o 
The head of Meduſa 39 30 


The harp $ 309 
Caſtor - 2 38 
Pollux 28 52 
The North crowne 28 o 
TheRams head 21 qo 
Arcturus 21 10 
The Buls eye Is 42 
The Lions heart bas 


The Vultures heart es 58 

Orionsright ſhoulder 7 17 

Orions left ſhoulder 5 57 
And ſo any other ſtarre,whoſe declination is knowne vnto 
you,which being done. The vſc of this Bow may be 


x The day of the moneth being knowne, to find: 
the declination of the Sunne. 
2 The declination being giuen, to finde the 
day of the moneth. 

Theſe two Prop.depend on the making of the Bow.If the 
day be knowne,looke it out inthe backe cf the Bow: ſo the 
declination will appeare in the ſide. Or if the declination 
beknowne, the day of the moneth is ſer ouer againſt it. 
As if the day of the moneth were the ry of Iuly: looke = 

Vi 


Iz Thewſeof the Bow 

this day in the backe of the Bow,and you ſhall find it ouer 4- 
gainſt 20 gr .of North declination . If the declination given 
be 20 gr.to the Sourhward,you ſhal find the day to be either 
the cleuenth of Nouember,or theeleuenth of January, 


. 3 Tofindthe altitude of the Sunne or ſtares, 


Here ie 1s fit co haue two running ſights, which may be 
eaſily moued on the backe of the Bow. The vpper gh may 
be ſer either to 60 gr. orto 70 gr. or to &ogr. as you ſhall find 
to be moſt conucnient : the other ſight may be ſer on,to any 
place betweene the middle andthe other end of the Bow. 
Then with the one hand holdthe center of the Bow to your 
eye,ſo as you may ſec the Sunne or ſtarre by the vpper light, 
and with the other hand moue the lower light vp or downe 
vntill you hauc brought one of the edges of it to be even 
with the horizon ( as when you obſcruc with the Crolle- 
ſtaffe:) ſo the degrees contained betweene that edge and the 
vpper ſighc,ſhall ſhery. the alcitude required, 

Thus if the vpper ſight thal be ar 80 gr. and he lower ſighs 
at 50 gr. the altitude required 15 30 gr. 


4 To find any North latitmde, by knowing either the day 
of the moncth, or the declination of the Sunne. 


As oft as you are to obſcrue in North Jacitude, place both 
the ſights on the fore ſide of the Bow,the vpper light ro the 
declination of the Sunne, or the day of the monerh ar che 
North end, and the lower fight toward the South end. Then 
when the Sunne cometh ro the meridian,eurne your face to 
the South,and with the one hand hold the center of the Bow 
to your eye, ſo as you may ſee the Sunne by the vpper ſight; 
with the other hand moue the lower ſight; vnrill you have 
brought one of the edges of it to be cuen with the horizon: 
ſothar edge of the lower light ſhall ſhew the 1arirude of the 


place 1n the fore ſide of the Bow. 
Thus being in North latirude vpon the ninth of Oftober: 


"1 


in finding the Luitude, 8 
if I ſer the vpper ſight tothis day, at the fore ſide and North 
end of the Bow, [I ſhall find it to fall ro the Southward of go 
vpon 80 gr.and therefore at togr.of South declination. Then 
the Sunne coming tothe meridian, I may ſet the center of 
the Bow to mine eye, as if I went to find the altitude of the 
Sunne, holding che North end of the Bow vpward, with che 
ypper light berweene mine eye and the Sunne,and mouing 
the lower light, vntill it come to be eucn with the horizon, 
It here the lower (ightſhall tay ar go gr. I may well ſay, thar 
the latitude is 50 gr. For the ——— altitude of che Sunne 
is 30 gr. by the af Prep. and the Sun having ro gr. of South 
declination, the meridian altitude of the equator would be 
40 gr; and therefore the obleruation was made in 50 gr, ot 
North latitude. 

By the ſame reaſon, if che lower lide had ſtayed at 51 gy, 
20m, the latitude muſt haue been Fr gr. 30 wv. and fo in 
the reſt. 


5 To find any North latitnde,by the meridian altitude 
of the flarres to the $ outhward, 


Let the vpper light be ſer rothe ftarre, which you intend 
to obſcrucghere placed in the fore fide ot the Bow. Then hold 
the North end of the Bow vpward , and curning your face 
the South,obſerue the meridian altirude as betore : lo the 
lower light ſhall ſhew the latitude of the place in che torejde 
of the Bow. 

Thus if in obſeruing the meridian altitude of the great 
Doe-ſtarre,the lower {ight ſhall ſtay at yogr. it would ſhew 
the latitude to be 50 gr For this ſtarre being here placed at 
73gr. 48m. if wetake thence 5ogr. his meridian alticude 
would be 23 gr. q8 w. tothis if we adde 16 gr.12 m. tor the 
South declination of thisſtarre, it would ſhewthe meridian 
alticude of the cquator to be 40 gr.and therefore the Jatirude 


to be 50 gr. | 
. 1 5 6 To 
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6 To find any North latitude,by the meridian altitude 
of the ſtarres to the Northward. 


Let the vpper ſight be ſet to the ſtarre which you intend 
ro obſerue, ho: placed on the backe fide of the Bow. Then 
hold the North end of the Bow vpward, and turning your 
face to the North,obſerue thealtitude of the ſtarre when he 
cometh to be in the meridian and vnder the pole: ſo the 
lowerſight ſhall ſhew the altitude of the pole in the back ſide 
of the Bow. 

Thus the former guard coming to be in the meridian vn- 
der the pole, if you obſcrue and find the lower light to ſtay 
at fogr. ſuch is the cleuation of the pole,and the latitude of 
theplace to the Northward. For the diſtance berweene the 
two fights will ſhew the alticude to be 35 gr.q45 m. & the ſtar 
i514 gr.15 mw. diſtant from the North pole . Thele two doe 
make vpgogr.for the eleuation of the North pole,and there- 
fore ſuch is the North latitude. 


7 To find any South latitude,by knowing either the day 
of the moneth,or the declination of the Sunne. 


When you are come into South Jatitude,turne both your 
ſights ro the backlide of the Bow: the vpper light to the de- 
clination of the Sun, or the day of the moneth at the South 
end, and the lower ſight toward rhe North end of the Bow, 
Then the Sunne coming to the meridian,turne your face to 
the North, and holding the South end of the Bow vpward, 
obſerue the meridian alcitude as before : ſo the Jower ſight 
ſhall ſhew chelatirude of the place in the backe ſide of the 
Bow. 

Thus being in South latitude, vpon the tenth of May if 
you obſerue and hnde the lower light to ſtay at 3ogr. on the 
backe (ide of the Bow, ſuch is the latitude. For the decelina- 
tion 15 20 gr. Northward,the altitude of the Sunne berweene 


the rwo lights 40 gr. the altirude of the equator 60 gr. and 
there- 


cherefore the latitude 3o gr. 


8 To find any South latitude, by the meridian altitude 
of the ſtarres to the Northward. 


Let the vpper light be ſer ro the ſtarre which you intend 
to obſerue,here placed on the backelide-of the Bow. Then 
hold the South end of the Bow vpward , and turning your 
face tothe North, obferuethe meridian alticude as betore : 
ſo the lower light ſhall ſhew the laticude of the place in the 
back ſide of the Bow, 

Thus being in South latirude,and the former guard com- 
ming to bc in the meridian ouer the pole. If you obſcruc 
and finde the lower fight to ſtay at 5 gr. ſuch is the Jaritude, 
For this ſturre 18 14gr.15 m. from the North pole, che alci- 
rude of the ftarre berweene the two lights ggr.15 w. the 
North pole depretTed 5 gr. and theretore the laticude 5 gr.to 
che Sourdwend. 


9 Toobſerne the altitude of 1he Sunxe backward. 


Ser the vpper light eicher to 60,0r 70,or 8o gy. as you ſhall 
fhnd it to be moſt conuenient, the lower light on any place 
berweene the middle and the other end of the Bow, and 
haue an horizontall ſight ro beſet trothecenter. Then nay 
you turne your backe to the Sunne,and the back ot the Bow 
coward your {elte, looking by the lower {ight through che 
horizonrall ſight,and mounng the lower fghr vp & downe, 
vntill che vpper fight doe cat a ſhadow vpon the middle of 
che horizontall ſight: ſo the degrees contained berweene 
the twolights on the Bow, ſhall give the alticude requi- 
red. | 
Thus if the vpper ſight ſhall be at Sogr. and the lower 
ſight at 5ogr. the altitude required 1s 3o gr. as inthe third 


Prop. | 
+3 | Io 70 


in finding the latitude, & 
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10 To find any North latitade by a backe cbſeruation, 
knowing either the day of the moneth, or 
the declination of the Sunne. 


When you obſcrue in North latitude, place your three 
ſights on the foreſide of the Bow: the vpper ſight ro the de- 
clination ofthe Sun, or the day of the moneth, at the North 
end; the lower ſight toward the South end of the Bow; and 
che horizontall ſight to the center. Then the Sunne coming 
to the meridian,turne your face to the North,& holding the 
North end of the Bow vpward, the South end downeward, 
with the back of it roward your ſelfc, obſerue the ſhadow of 
che vpper light as in the former Prop. ſo the lower (fight ſhall 
ſhewthe latitude of the place in the fore {ide of the Bow, 

Thus being in North latitude vpon the ninth of Oo» 
ber, if you obſerue and find the lower ſight co ſtay at go gr. 
on the forc (ide of the Bow, ſuch is che laticude, For the de- 
clination 1s 10 gr.Southward, andthe altitude of the Sunne 
berweene the ewo lights 3ogr. the alticude of the equator 
qogr. and therefore the laticude gogy, as in the fourth Prop. 


11 Tofindany South Latitude by a back obſeruation, 
knowing either the day of the moneth,or 
the declination of the Sunne. 


When you obſerue in Sou." latitude, place your three 
ſights on the backeſide of the Bow : the vpperlighe to the 
dectination of the Sunne, or the day of the moneth at the 
South end; the lower light toward the North end of the 
Bow,and the horizontall ſight to the center. Then the Sun 
coming tothe meridian, turne yourface to the Scuth, and 
holding the South end of the Bow vpward , with the backe 
of it coward your ſclfe,obſerue the ſhadow of the vpper ſight 
25 before: ſo the lower light ſhal ſhew the latitude of the place 
in the back (ide of theBouv. 

Thus being in the South Jatitude vpon thetenth of May, 

}| 


ce 
he 
he 
he 
un 
nd 
cke 
phe 
lace 


lay, 


}} 


The wvſe of the Boy. $7 


;f you obſerue and findthe lower ſight to ſtay at 3ogr.on the 
backe of the Bow, ſuch isthe alritude. For the declination 
s 20 gr .Norchward, the alticude of che Sunne beriweene the 
rwo lights 40 gr. the altitude of rhe equator Go gr. and there- 
fore the latitude 30 gr. as in the ſcuenth Prop. 


12 To find the day of the monethhy knowing the latitnze 
of the place,and obſeruing the mer idian al. 
titade of the Sunne. 


Place your three ſights according to your latitude;the ho- 
rizoncall ſight to the center, che lower ſight co the laticu 4c, 
andthe vpper ſight among the moneths. Then when the 
Sunne cometh co the at abferee che altitude,looking 
by the lower ſight through the horizonrall,and keeping the 
lower fight ſtill at che lacicude, bur mouing the vpper light 
vitil it gue ſhadow vpon the middle of che Novi fight 
ſo the ypper light ſhall ſhew the day of che moneth requi- 
red. 

Thus 1m our latitude if you fer the lower ſight to 51 gr.zo 
m. and obſeruing ftindethe altitude of the Sunne berweene 
that and the —w_ fight ro be 28 gr.3o m. this vpper ſigh: 
F:1ll fall vpon the ninth of Otober, and the riweltch of Fe- 
bruarie. And it yet you doube which of them two 1sthe day, 
you may expect anorher meridian altitude ; and then if you 
find che ypper fight vpon the tenth of Oftober, and che ehe- 
vcnth of Februaric, the queſtion will be ſoone reſolucd, 


13 Tofind the detlination of any vnkiowne ſlarre, and 
ſo toplace it onthe Bow, by knowing the latituge 
of the place, and obſeruing the Meridian 
altitude of the Starre. - 


' When you finda ſtarre in the Meridian that is fi tur ob- 
:eruarion. Ser the center of the Bovw to your eye, the lower 
fight to the latitude,and mone the vpper light vp or downe 
vncill you fee the horizon by the Jower fight, and che tiaue 


by 
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by che vpper light, then will the ypper ſight (hay at the deli. 


nation au. ' place of the ſtarre. 

Tus being in 20 gr. of North latitude, if you obſerue and 
rd the mer.dian altitude of the head of the Crofier to be 
1407.50 mw. The vpper light wiilſtay at 34 gr. 5o w. and there 
may youplace this {tarre.For by this obſcruatio the diſtanceof 
this (tarre from the South pole ſhould be 34 gr. 50 wv. and the 
declination from the equator 55 gr. 10 m9. Ando for the reſt, 

The Garres which | mentioned before, do come to the me- 
xi-lian in this order, after thefirſt pointof eAfrie. 


The pole ftarre ar The lions hare 


The rams head The great beares backe 
The bead of Meduſi Ficſt in gr, beareataile 
The fide of Perleus The Virgins (pike 
The Buls eye. 


Second in gr, bea, taile 
The goate Third io gr, bearestaile 
Orioos lefe ſhoulder 


ArQurus 
the firſt The formoſt guard 
Orcions Zee ſocood 
girdle @thethird. 


The North crowne 
The bindmoſt guard 
Orione right ſhoulder 
The great dog 


S ions hart 
The harpe 
Caſtor 


Vulcurs bare 
'Thelitgle dog Swans taile 
Pallux 


Fomabaant 
The Hydra's ha 
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THE THIRD BOOKRKE. 


Of the oſe of the lines of Numbers, Sines and 
Tangents for the drawing of Houre-lines 
on all ſorts of Planes. 


Here are ten ſeuterall ſorts of Planes, which take 

] cheir denomination fro thoſe great circles to which 

they are parallels, and may ſufficiently for our vſc 

be repreſented in this one fundamencall Diagran1 
deſcribed before in the vie of the Seftor, and be knowne 
by cheir horizontall and perpendicular lines, of ſuch as 
know the latitude of the place, and the circles of the 
ſphere. 

1 An horizontall plane parallell co the horizon, here re- 
preſented by the ourwardcircle E SW, 

2 A verticall plane parallell to the prime verticall circle 
which patleth chrough the zenith and the points of Eait and 
Weſt in che horizon, and isright to the horizon and the 
meridian; that is, maketh right angles with chem both. This 
isrepreſented by E Z W. 

A polar plane parallell to the circle of the houre of 6, 
which palſlſeth through che polc and the points of Eaſt and 
Weſt, being right co the EquinoQaall and the Meridian, 
buc inclining to che horizon, with an angle <quall co the la- 


cticude, This1s here repreſented by E P WW. 


4 An cquinotaall plane parallell ro che EquinoQall, 
which pallech chrough the points of Eaſt and Weſt, being 
right to the Meridian, bur inclining co the Horizon, wh 
an angle cquallrothe complement of the latitude . This 1s 
here repreſented by E A W. 

5 Avercicall phne inclining to the horizon, parallell to 
any great circle , which palleth through che pornts of Ealt 
and Weſt, being righc ro che meridian, bur inclining co che 
horizon, and yer nor palling through che pole, nor parallell 
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ro the equinottiall. Thus is here repreſented either by E 1, 
or ETWw,orE LW. 

6 A meridian plane parallell :o the meridian,the circle 
of the houre of 12, which palleth through the zenich, che 
pacman the points of South and North, being right to the 

orizon,and the prime verticall. This is here repreſented by 
SZN. 

7 A meridian plane inclining tothe horizon, parallell 
co any great circle , which paſſeth through the points of 
South and North, being right cothe prime verticall, bur in- 

clung 


To find the inclination of « Plane. 91 
clining to the horizon, This is here repreſented by $ G N. 

$ Averticall declining plane,parallell co any pgreae circle, 
which palleth chrough y zenith, being right tothe horizon, 
but inclining to the meridian. This is repreſented by BZ D. 

9 A polar declining plane, parallell to any great circle, 
which palſech chrough the pole, being right co the equi- 
no&iall, but inclining to the meridian, This is here repre- 
{ented by HP 9. 

to Adecclining inclining planegparallell to any great cir- 
cle, which is right to none of the tormer circles, but decli- 
ning from the prime verticall, and inclining both to the ho- 
rizon and the meridian,and all che houre circles. This may 
be here Sg cither by BMD, or BFD,orBKD, 
or any ſuch great circle, which patleth neither through the 
Sonhand Norch,nor Eait and Welt points, nor through the 
zcnith nor che pole. 

Each of theſe planes (cxcept the horizontall)hath ewo fa- 
ces whercon houre-lines inay be drawne; and ſo there are 19 
planes in all. The meridian plane hath one face to the Eaſt, 
and anothcrto the Weſt: the other vercicall plancs haue one 
to the South, and another to the North, ds rcſt one to 
the zenith, and another to the nadir: but what is {aid of the 
enc,may be vnderſtood of che other. 


To find the inclination of any Plane. 
For the diſtinguiſhing of theſe Planes we may finde whe- 


thcrthey be horizoncall, or verricall, or inclining to the ho- 
rizon, and how much chey incline,cither by che vſuall incli- 
natorie quadrant, or by fitting a chread and plummet vnto 
the Seftor. 

For let the Seftor be opened to a right angle, the lincs of 
Sines to an angle of 92 gr. the inward. edges of the Seftor ro 
90 gr. andlet a thread and plummet be hanged vpon aline 
parallell tothe edges of one of the legs, ſo that leg hall be 
yerricall, and the other leg parallell co the horizon. 

If the plane ſeeme ro be verticall (like the wall of an vp- 

M 2 righ: 


ceSct 


DALE ET wn 


_— 
- 


9. 
| &# —_ k- 
—— —- 
C—_ Lows 
— 


I 3a | ; LAS, yk 3 
. of IE 2 I > 


yo po — 
«AM — a , ” "Wi 
5% ah i a0. 


— 


To find the inclinetion of « Plane. 


—_ 4 


Il 


[TALENT UTE TG VINE MM MU AALUF UTIL (LULA 
— '([[NIILOLLLLL = ==" RD 
== == — == — 


right building) you may trie ic by holding the Sefor,ſo that 
the thread may fall vpon his plummet line, For then 1t the 
vercicall edge of the Sefor ſha!l lic cloſe ro the plane, the 
plane is erc&, and therefore ſaid to be verticall g and it 
you draw a line by that edge of the Sefor, it ſhall be a ver- 
ricall line, 

If the plane ſeeme ro be leuell with the horizon,you may 
tric it by ſetting the horizontall leg of the SeQor to the 
plane, and es tens other leg vpright: for then if the 
thread (hall fall on his plummer line, which way ſoeuer you 
curne the Sefeor, it 15s an horizontall plane. 

It che one cndof the plane be higher then the other, and 
yet nor verricall, it is an inclining plane, and you may find 
the inclination in this maner. PN 
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... - Firſt hold the verticall leg of the Seor vpright,und turne 


the horizonrtall lez about, vncill ic lie cloſe with rhe plane, 
and the thread fall on his pla-nec line: ſo the line drawne by 
the edge of chat horizontall leg, ſhall be an horizoncall line, 

Suppoſe the planeto be BG E D,and that B D were thus 
found to be the horizonrall line vpon the plane; then may 
you crofle rhe horizontall line at right angles with a per» 
pendicular C F: that done, if you ſer one of the legs of rhe 
SeFor vpon the perpendicularline C F, and make the other 
leg with a thread and plummet to beconne vercicall, you ſhal 
haue che angle betwcene the verricall line and the perpen- 
dicular on the Plane,as before in the vſe of the Seftor,pag. 50, 
and the complement of this angle is the inclination of the 
plane to the horizon, 


To find the declination of a Plane. 


The declination of a Plane is alwayes reckoned in che ho- 
rizon betweene the line of Eaſt and Weſt, and che horizon- 
tall line ypon the Plane. As in the fundamentall Diagram, 
the prime verticall line (which isthe line of Eaſt and Weſt) 
is ECW; itthe horizoncall line of the plane propoſedihal be 
BC D, the angle of declination iSEC B, 

Bur onda. a Plane may decline diuers wayes, that we 
may the better diſtinguiſh chem, we conſider three lines be- 
longing to eucry Plane: the firlt is the horizontall line; the 
ſecond the perpendicular line, crotſing the horizonrall at 
right anzoles ; 7 chird che axis of the plan2, croſſing both 
the horizontal line, and his perpendicular,and the plane it 
ſclte ar rizhr angles. 

The perpen licular line doch help co find the inclination 
of the plane as before , the horizontall ro finde the declina- 
tion, the axis togiue denomination ynto the plane. 

For example, in a verticall plane here repreſented by 
E ZW, the horizontall line is E CW, the fame with the line 
of Eaſt and Welt, and therefore no declnation;the on ned 
dicular croſſing it, CZ the ſame with the verticall ane, 
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drawne from the center tothe zenith , right vnto the hori- 
zon, and therefore ne inclination. The axis of the plane is 
SCN, the {ame with the meridian line, drawne from the 
South to the North ,- and accordingly giues the denomzna- 
tion to the plane, For the plane hauing two faces, and the 
axis two poles, Sand N; the pole S falling dircQly into the 
South , doth caulc that face eo which ir 15 next to be called 
the South tace z and the other pole at VN, pointing into the 
North, doth giue the denomination to the other tace, and 
make it to be called the North face of this plane. 

In ke maner in the declining inclining plane here re- 
preſented by B FD, the horizontall line is 8B CD, which 
crollerth the prime verticall line E C WY, and therefore it 1s 
called a declining plane, according to the angle of declna- 
tion E C B or W CD. The perpendicular co this horizon- 


tall lne 1s C F,where the point P falleth in che plane 2Z H 


perpendicular to the plane propoſed, berwecnethe zenich 
and the North part of the horizon, and therefore it is calld 
a plane inclining to the Northward , according to the arke 
F 9, orthe angie FC ©. Theaxis of the plane is here re- 
prelented by the line C K,where the pole K is go gr.diſtanc 
trom the plane, and ſo 1isas much abouec the horizon ar H, 
andthe other pole as much below the horizon at Q, as the 
plane at F 1s diſtant from che zenith : and this pole K here 
tailing berweene the. meridian and the prime verticall circle 
mto he Sourthwelt part of the world, this ypper face of the 
plane 15 cheretore called the Southweſt face, and the lower 
the Norchealt tace of che plane. 

The declination trom the prime verticall may be found 
by the needle in the vſuall inclinacoric Quadrant, or rather 
by comparing the horizoncall line drawne vpon the plane 
with the azimuch of the Sunne and the meridian line, in 
ſuch ſort as betore we found the variation of the magnerical 
needle, For take any boord that hath one ſide ſtrait, and 
draw theline H O parallell rothatlide, and the line Z M 
perpendicular vnto it,and on the center Z make a ſemicircle 


H M ©: chis done, hold the boord toy planc,io as H O may 
be 


To find the declination of x Plane. 95 


be parallel to B D the horizontall line on the plane and the 


boord parallcll ro the horizon; then the Sunne ſhining vp- 


on it, hold out a thread and plummet,fo as the thread being 
yerticall, the ſhadow of the Sunne may fall on the center Z, 
and draw the line of ſhadow AZ repreſenting the common 
ſection, which the azimurh of the Sunne makes with the 
plane of the horizon, and let another rcakethe altitude of the 
Sunne at che ſame inſtant : ſo by reloluing a triangle, as 1 
ſhewed before pag.65.you may find whar azimuch the Sun 
was in when he gaue ſhadowvpon AZ, 

Suppoſe the azimuth to be (as before p19.64.)72 gr.5 2 m. 


fromthe North to the Weſtward , and theretore 17 gr. 8 m. 


from the Welt, we may allow thele 17 gr. 8 mm. from A vnto 
y,and draw the line Z Y,and fo we have the true Weſt point 
of the prime verticall line: then allowing go gr om Y vn- 
toS, we haue the South point of the. meridian line Z S, 
and the angle H Z V ſhall giue the declmation of the plane 


from the verricall,and che angle O ZS the declination of the 


plane from the meridian. 

Or we 'may take out onely the angle A Z H, which the 
line of ſhadow makes with the horizonrall line of the plane, 
and _—_— it with the angle AZ F, which che line of ſha- 
dow makes with the prime verricall. And fo here f AZV 
the Sunnes azimuth tal be 17 gr. 89». paſt the Weit, and 
yet the line of ſhadow AZ 7 gr.12 m.ſhort of the plane, the 
declination of che plane ſhall be 24 gr.20 m9. as may appeare 
by the lite of the plane and the circles, 

If the altitude of the Sunne be taken at (fuch time as the 
ſhadovy of the thread falleth on B D or H O, andthen a tri- 
angle rcſolued, the declination of the plane will be ſuch as 
the azimuth of the Sunne from the prime vertical, 

If at ſuch a time as the ſhadow talleth on MZ, the decli- 
nation will be ſuch as che azunuch of che Sunne trom ihe 
meridian. 

If it be a faire Summers day you may frit finde what alti- 
tude the Sunne will haue when he cometh to be due Et or 
Weſt,and then expe yncill he come to thar aluuudezto the 
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declination of the plane ſhall be ſuch as the angle contained 
betweene the linc H O and the line of the ſhadow. 


Hauing gan the Planes, the next care will be 
for the placing of the ſtyle and rhe drawing of the houre- 
lines. 

The ſtyle will be as the axis of the world, ſometimes pa- 
rallel! ro the plane,ſomerimes perpendicular, ſometimes cur 
che plane with oblique angles. 

The houre-lines will be cither parallel! one to the other, 
or meete in a center with equall angles , or meete with vn- 
cquall angles. If the ſtyle be perpendicular to the plane,the 
angles at the center will be equall; and this falls out onely 
in the South and North face of an equinoGiall plane: if the 
ſylc be parallell cothe plane,the houre-lines wil be allo pa- 
rallcll one to another; and this falls out 1n all polar planes; 
as in the Eaſt and Weſt meridian planes parallel to the circle 
of the hourc of 12, in the vpper and lower dire polars p1- 
rallell co the circles of the houre of 6, and in the vpper and 
lower declining polars which are parallcll co any of the other 
houre circles. 

Bur in the horizontall and all ocher planes, the ſtyle will 
cut the plane with an acure angle, and the houre lines wall 
mect at theroot of the hyic.and chere make vnequall angles. 


CHAP. I. 


Todraw the houre-lines in an equi- 
nottiall Plane. 


A* equinodQtiall plane is that which is parallell co y equi- 
nouall circle here repreſented by EAW, wherein the 
[paces betweene the houre circles being equall, chere is no 
need of further precept, but onely to draw a circle and to di- 
uide it into 24 cquall parts for the 24 houres, and ſubdi- 
uide each houre into haluesand quarters, and then to ſer vp 

the 
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che tyle perpendicular to the plane in the center of the c1r- 
cle. The help which theſe lines of proportion doe here at- 
foord vs, is onely in che diuifion of the circle, which may 
be done readily by that which I ſhewed betore,Pag.2g. 

For oxample, ſuppobe the ſemidiameter of the equino- 
Qtiall circle to be fix inches, and chat it were required to 
know the diſtance of the houre-points cach from other : 
here cach houre being 1p gy. diſtant trom other, I exrend 
the compaſſes trom x 5 ſine of 3ogr. vnro the fine of 7 gy. 
30m. the haltc of 15 gr. and I find the tame extent to reac!: 
in the line of numbers from 6.00 vnto 1.56. 

Or in cro!Te worke I extend thein trom the (inc of 307, 
vnto 6.00 in the line of numbers,the ſame extent vl ll reach 
from the linc of 7 gr. zo m.varto 1,56 in the linc of numbers, 
which ſhewes that in a circle of tix inches {emidiainceer, the 

| 1 Clitance 


———— 


a TL. 
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| diſtance of the houre-points each from other 


will be about 1 inch and 56 centeſmes or parts 
of 100. The like reaſon holds for the inſcribing 
of all other chords in the Prop.following. 


CHAP. II. 


To draw the houre-lines in a direCt 


polar plane. 


Dire polar plane is that which is parallel! 
A to the houre of 6, here repreſented by 
E PW, wherein the ityle will be parallell co the 
plane, and the houre-lines parallell one to the 
other, and therefore may be beit drawne by that 
which ] haue ſhewed in the vic of the Sefor. 
They may be alſo drawne by the helpe of theſe 


| lines of proportion, in this maner. 


Firſt draw a right line #/ Z for the horizon 
and the equator, and crolle it atrhe point C, a- 
bour.the middle of the line with C B another 
right line,which may ſerue for the meridian and 
the houre of 12, and muſt alfo be che ſubſtylar 
line wherein the ſtyle ſhall ſtand. Then, to pro- 
portion the ſtyle vnto the plane, conlider the 
length of the horizontall line, and what hourc- 
Imesyou would haueto fall on your plane, 

For the diſtance of any one houre-linc from 
the meridian being knowne, we may finde both 
the length of the ſtyle and the diſtance of the 
reſt : becauſe 


As the tangent of the houre gen, 
is to the diſtance from the meridian: 
So the tangent of 4g gr. 
ro the height of - ſtyle, 
Suppoſe 
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Suppolc the length of the horizontall line to be 12 in- 
ches, and char ic were required to pur on all the houre-lines 
from 9 1n the morning vnto 5 in ho cucning.Here wc haue 
5 houresandG6 inches on either ſide the meridian , Wherc- 
torc I allow 15 gr.toran hourc,and excending the compatles 
the compalles trom the tangent of 75 gr. the meaſure of 5 
houres vnto the tangent of q5 gr. I find the ſame extent to 
reach in the line of numbers trom 6.00 to about 1.61. This 
ſhevees both the height of the ſtyle, and the diſtance of the 
houre-points of 9 & 3 fro che meridian co be 1 inch,61 parts. 


To find the length of the Tangent betweene the 
ſubſtzlar and the houre. points. 


As the rangent of 45 gr. 
ro the tangent of the houre: 
So the height of the ſtyle 
ro the length of che tangent line ber weene the ſub- 
ſtylar and che hourc-points. | 
Thus hauing found the length of theſtyle in our exam- 
ple to be 1.61, if { exend the compalles from the rangenr ot 
45 gr.vnto the tangent of 15 gr.the meaſure of the firit houre 
trom che ſubſtylar,[ ſhall ind the ſame excent co reach in the 
linc of numbers from 2.61 vnto 0.43 tor the length of the 
2 can- 
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tangent betweene the ſubſtylar and the houre-points of 11 
and 1.If I extend them from the tangent of 45 g7- vato the 
tangenrof 75 gr. the meaſure of the fitt hourc,] ſhall finde 
them to reach inthe line of numbers , *= An,Po[Tang, 
from 1.61 vnto 6.00 for the length of | © ig, Flop; 
ent fr 1c ſubſtylar ro the ww or 
the tangent from the —_—_ $ me | 000 0 
houre-pornts of 7 2nd g. For howſoene! 11. 115 00 43 
'10. 230 OO 


be the fame dilfiuncy inthe lines of tan- 
& ON! from: 45 vnto75, 5 from 45 FO 3.45 SY 
15; yt MASUT 75 ire morand 1s [ofie 8. 460 J. 
thicen 45, {0 Tangent lines tha: Mrvees 5.575 ol6 '0! 
rothem wil be accorungly more o7 tetle | 4 690 olnfin 
then the length of the ſtyle. = - 
Againe,it ] extend them from 45 gr. i the tangents vnto 
30gr.thcmcaſure of tie {econd houre, I ſhall fnde them to 
reach 1n the line of minnhers from 1.61 vato 0,93 for the 
houre of 10 and 2: it I cxtend chem trom the tangent of 45 
gr.vnto the tangent of 60 gr. for the iourth houre, I ſhal find 
rhem torcach im the line ot numbers from1.6x vnto 2 79, 
and ſuch 15 the length of rhe tangent line trom the {ubſtylai 
vitothc houre of 8 and 4. Andihe bke realon holdeth tor 


the micribing Gl all OUHCrLangent lines 1 the propoſitions 
tollowng, 


Bur for fuch ta genrs as all ynder ag or. | may better vie 
crolle worke, and extend the competies {rom the cangenr ot 
45 g&r voir 0.61 11 the linc ot Bunbers,, fofliall T ande the 
ſame extent coOrach rom 3ZOgr, mm the tan curs, to. 93 part: 
In the linco. nunbers,tor clic diitanceotthe tecond houre, 
andirom 15 91, 1m he tancents to 42 parts for the diſtances 
of the I1it hioure tron the nierida!., 
Or:tihis extent from q5 gr backwardee 2.61 beruo large | 
forthe conmpalics,] way excend forward trom the rangent of 
gr 43 mato 1.61 parixin the hinc ot numbers, and the ſame 
cxrent [halt reach trom 15 grain the rangents, to 43 Parts in 
the Inc of numbers, tor the dittanceot the firlt houre; and 


— 30gr7.1093 parts, for the diſtance of the ſecond houre, 
is CtOrc, 


Having 


Tr: 4:ſ:rintion of a mnidita Plans Io! 
Hauing found the lenoth of the tatigent lines 1 inches 
and parts of mcics, and pricked then 1m the equator on 
both ſides of the meridian, trom che center C if wee draw 
right lines chrou »[1 eactt or thoſe points, crotſing the equ2- 
ror atrightan ics, hey thall be the houresl11ce required; 
and if 1 fora ft le oner he meridian, fo as the edge ©: 1t 
be parallell roth- blanc, ana che height of it be as much a= 
boue the nicrielzn as the diltance bc- 


tween the :1ridnand the houre-points | Tf Ang.Vo Tany' 


o: 20rg, itthali repreſent the axis of che 
world,ani be cruly placed for che caltinsy 


| Gy rs xn Sos 
Z Or, M. In_ Pa! 
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" G Oo 
of the thadovy vpon the hourc-lines 11 « Pe Rs 
polar plauc., | 3 45 <65 

730. F383 
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; . 15 ©, 2 68 

To draW the houre-lines tn a AE 
« 17 18 45, 3 39 

Meridian plane. :-30' 410 


; . . ' * Es Y 4 ' 
Meridian planc 15 that winch 1 pa $30. "0; $29 
P FS A ' hy Y-9 , * ,* » 4 > $*,*_ MM ade LR oy Io TEN 
raſieti rote n -Tiatan circle hore re 3345, 668, 
rrclentea by SZ Nt hatch cwo taces,0ne [27 30. 7 67 
: p. N wa IRD ry. . 5 oY TYY j > { Fo _ [ 
SINK tat, nel He Orner to The Veit: M11 | 41 15 $77 
eacit of fn He ftyle wil be paralietl © | as ©1000 
y [ , k | , ' ! is obs on 
& D{In6 nt Noare-Times nar | ke; 6 
ett po Sg ET no gn 2 SSRN 
neyiivne orce,.am 2 polar plan”, car of 
a . " 6 , S, -' J 5 
ditterence bem 0:ely mn the placmg oi f 4, 1497 
4 S $ 1 o 9 ) a ; 
the equator & nmnumbringotiienones |, oh | 
For 13 thee meridian plus humns |=, 


GDAVIN 21 EO vertical Nne CZ, on 21 
occult hor cont line Ci, crofhine one 
tac other ar right anole< 11 the point C, 
te equaror AC wil ciir he verdicall wich: Jl Ei ER 
anangleZC A, cqualt ro the latitude of | | 
che place : then may we crolle rhe cqua- d2J075 90] 
:or at right angles with the line CB tor 3G 15 Rags 
the houre of 6, andfrom chis ſer off the [212.99 oli, 
n 3 hourg- 
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houre-points in the equator as in the former Prop. 

For ſuppoling the length ofthe ſtyle C B to be ten in- 
ches, the length of the tangent line belonging to the firit 
houre wil be 2 in.68p. the length of the ſecond 5 in, 77p. as 
in the Table. Then the tangent of 15 gr. being pricke downe 
is the equator on both ſidesfrom 6, ſhal ſeruefor the houres 
of 5 and 7,and the tangent of 30 gr.forthe houres of q and 8, 
and ſo inthe reſt. This done, it we draw right lines through 
each of theſe points,croſling the equator at right angles,they 
ſhall be the houre-lines required : and if we feta ſtyle ouer 
the houre of 6, ſo as the edge of ic may be parallell co the 
plane,and the height of it may be cquall co 6 diſtance be- 
tweene the houresof 6 and g in the equator, it ſhall repreſenr 
the axzs of tÞ:: world, and be truly placed for the caſting of 
the ſhadow vpon the houre-lines in a meridian plane. 

CHAP. 


ods. _> _ 
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CRAP. TH. 


To draw the houre-lines in an horizontall plane. 


N horizontall plane is that which is 
parallel! co che horizon, here repre- 
ſented by the ourrwward circle E SWN, mn 
which che diameter S N drawnetrom the 
Sourlh ro che Norch,mmay go both for _ 
meridian line and che meridian circle, 
for the zenith,P for the pole of the w wr 
and the ciealen drawne through Þ for the 
houre-circles of 1.2.3.4.&c.as they are nit- 
bred from the meridian, Theſe houre-cir- 
cles conlidered with the meridian & the 
horizon, do make diners triangles, PN 1, 
PN 2, PN 3, in which we hane known 
frit the right angle at N,che North inter- 
ſection of the meridian —d the horizons 
ſecondly the {ide PN,the arke of the me- 
ridian between the pole and the horizon, 
which is alwayes cquall co che latitude of 
the place ; chird!y the angles at the pole, 
made by the meridian and the hourc- 
circles,the angle NP 1 being 15gr.N P2 
30 gr. each houre 15 gr.more then other, 
cach halic houre 7 gr.zom. each quarter 
gr.45 m. And thete three being known, 
we may finde the arks of the horizon be- 
tween the meridian and the houre-cir- 
cles N1zN 2, N 3,&c, For 
As che line of 9o gr. 
istothe line of the latitude: 
So the tangent of the houre 
ro the tangent of the houre-line 
from the meridian, 


e 


| 8 Ang.Þo Arc, Pla 
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Extend 
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, Extend the compalles from the ſince of go gr.to the ſine of 
Wh | che latitude, ſo the ſame extent ſhall reach from the tangent 
"bl of the houre,to the tangent of the houre-Jine from the me- 
X ridjan. Thus the latitude being 51 gr.zom.l extend the com- 
palles from the ſine of go gr.to the fine of 51 gr.z0 mw. & find 
the ſame cxrent to reach from the tangent of 3 gr.45 m.vnto 
the tangent ot 2 gr.56 m1, for the diſtance of the firit quarter 
Fo from the meridian; and from the tangent of 7 gr.30 mavnto 
the tangent of 5 gr.52 m,for the halte houre ; andfrom the 
rangent of 11 gr. 15m. to the tangent of $pr. 51 ms. forthe 
chird quarterzandtrom the tangent of 15 gr.o m.vnto 11 gr. 

50 mw. tor the firit houre: and ſo 1n the reſt, 
Only when I come rto ſet one foote of the compalles to 
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43 g7.45 m.for the finding of a quarter paſt 3,the other foote 
will fall out of the line , and then I may either take our (o 
much as is our of the line beyond 45 gr. and turnc it back » 
into the line, and it will reach from 45 gr.to41 gr.45 mn: or | 
may vſe crofle worke,extending the compatles trom the line 
of 90 gr.to the tangent of 48 gr.q5 w. lo the ſame extent wil 
reach from the (inc of 51 gr.zom. to the tangent of 41 er. 
45 m. And ſuch is the diſtance of the line of 3 ho.', from the 
meridian,as in this table of the Arks of the plane. 

This done, I cometo the Plane, and there according as 


the lines do fall in the fundamentall diagram, 


1 I drawarighrline SYN ſeruing tor the meridian , the 
0 haourc 
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houre of 12 and che fir.,ty iy, 
| BF ! ET ESE, EC 2 PEI ENTE C d 
2 In this rer.dign Þ nie ooceo a center atC,, an 
BOY : BT Sk 3 eos was 
there del erti co HOC YECH ALT: i ref211; HE 'Y 6h NOTIZOMN. : 
3 I find a: ho do.'rr 97 5078 21g MCr '12 It 11t0 this 
circteon ent or lide firemen dir lor 1 hovures 0! T0 EE; 
in like wa cra chort Ol 24 21.20 mM, Crone tnanres Gf 10 and 
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2; a'Gtachord of g8 rg ee rhe bong $0 gt: 13; and 15 
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} 


L ailly I ſceyprhe ftyl: over the mer Jn fy as ir may cur 
thc plane im the center, angiloremak inavyle with the 
mc«c11G1an equal] ro the lain le of the lace, forrfhall rc; re- 
{ ntthe axis of the wort?!, and bY truty rlacyd for citing of 
the ſhadow vpon the houre- lines 11 an horizon}ll plume, 


CHAP. V. 


To draw the POnre- lines in 4 Twerticall plane. 


V-riicail plane 15that which js porallel 5 che prime ver- 
A call circle hore repro nreg wy & ZW, T. fhach ewo fa- 
cco,onk to the Nor: che oth rrothe & ing rachof them 
the (ubſtlar will be te fare: with the vert an bn: and 
che angle © the il abouc the plane witl hv cquall co Z P 
checomplomyn o: che !ariinctle, 

Taetngl's re contund are mace by the verticall, 
the mericiangand che novree arches, 1 winch we know the 
ldeZP,theangics ac the wot und hi nohe angle arthe ze- 
nith,and thercor; may tin. teark;: of tic vertical, between 
the meridian and he houre circles atier this r. aner:; 

As tiie line of go gr. 
ISLO TiC bevy go the laciende: 
Sothetangent of the honre 
on the tangent 0: the hourc-linc from the meri- 
Lal, 


Extcnd 
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Extend che cowpalles {rom ch» fin» of 00 27, to the line 
of the complentonc i the lhrrade, forks! cone tat 
reach from ine cano ntot the hone, to the concen of the 
hare-hne fre m che nord cn, 

Tins'mnihe lan io. gr or 20 a T oem ! che computes 
hom the hne +: g528hto heh; Spr ego ms, an "nl he 
Pre x met racironthe'in er 5 reer. to:th: im 
EMO 98528 wn forche won oth Cote ome on he 
nn uon and mom inetnagent of 75 (yn 020 
60 gr 42 m.ter che titt houre : an 1511 therc{t 2510 che Tas 
LU: JONOW IN. 
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Theſe arks being knowne, | may comet the om __ 
there by h:!» cf 2 thread and PUNT Craw 2vcriicalt! 
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ſcruing both for the meridian and the houre of x2, andthe 
ſ obey then may I draw an occult verticall circle, and 
therein inſcribe the chords of thoſe former arks, and draw 
the houre-lines, and ſer vp the ſtyle, as be- | 
tore in the horizontall plane. | T'Ang.PoArc.Ple 

If it be the South face of the plane,the | © — 
center will be vpward,and the ſtyle muſt | 
point downward if the North face, 
the center mult be 1n che lower part of 
the meridian line, and the ſtyle-point « 
ward in all ſuch places as areto the Nort 
ward of the equinoGall linezas 1t may ap- 
peare by conlidering how the lines dofall 
in the fundamentall Diagram, 


CHAP. Vi. 


To draw the hgure-lines in a ver- 


ticall mclining plane. 


Ll thoſe Planes that haue their hori- 

zontall line lying Eaſt and Weſt are 
in that rcſpett ſaid ro beverrticall; if they 
be alſo vpright and paſſe through the ze- 
nith, they are dirc& verticals; it they in- 
cline to che pole-they are direc polars: if 
rothe cquinoQuall, they are properly cal- 
led equinottaall planes, and are deſcribed 
before: 1t ro none of theſe three points, 
they are then called by the generall name 
of inclining verticals, 

Theſe may incline either to the North 
part of the horizon, or to the Sourhz and 
cach of them hath rwo faces, one to the 
zcnich,che other to the nadir,in which we are firſt to cofider 
che height of the pole aboue che plane, by comparing the 

incli- 
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mclination of the plane to the horizon, with the latitude of 


the place. 

As 1n our latitude of 51 gr. 30 m.it the inclination of the 
plane E [i ſhall be 13 gr.Northward, that is,it [ N the ark 
of the meridian berween the plane and the North part of the 
horizon ſhall be 13 2r. we may take theſe 13 gr. ourof P N 
51 gr.30 m.the cleuation of the pole aboue the horizon,and 
there wil remain P7 38 gr.zom.tor the eleuatis of the North 
pole aboue the vpper tace of the plane, and theretore 38 gr. 
zo m.tor the height of the South pole aboue the lower tace 
of che plane, 

Or it the inclination of the plane ſhall be found to be 62 
gr.co the Sourhward, we may number them in the meridian 
trom $ che Southpart of the horizon vnro L,and there draw 
the arke EL repreſenting this plancz(o the arke of che me- 
ridian PL ſhall gue the height of che North pole aboue the 
vpper face ot this plane to be 66 gr.zo w. and therctore the 
height of the South pole aboue the lower tace ot the plane 
iSallo66gr.zom. 

Inlike maner it the inclination of the plane E TW ſhall be 
15 gr .Southward, thar is,if ST the arke of the meridian be- 
tween the South part of the horizon andthe plane, ſhall be 
15 gr. The height of the North pole aboue the vpper tace of 
che plane,and che height ofthe South pole aboue the lowet 
face of the png, will be alto found to be 66 gr. 30 m. 

Bur it che plane ſhall tall berweene che zemith and the 
North pole, then will che Norch pole be cleuaced abouc the 
lower tacc,and the South pole aboucthe vpward face of the 
planezas may appeare by the proie(tion of the ſphere in the 
tundamentall Diagram. 

Then in the eriangles niade by the plane , che meridian , 
and the houre-circles, we haue the ſide winch is the height 
of the pole aboue the plane, rogether with the angles at the 
pole, and the right angle ac the interſetion ot the meridian 
with the plane,by which we may find the arks ot the plane 
berwecne the meridian and the houre-circles, afrer this ina- 


ner: 
O 3 As 


ATA, 
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Astheline of go 7r, 
is toche fling G11 polr atone the planc 
C bn , 
SOt'1Ctangent of thy Pgetheg - 
torhetan co the loneeline from the meridian, 


Thus in the former exanrl», v here PI che height of che 
poaleabone cheplane was je un. ro be 38 pr.30 m.1; you ſhall 
exten a ht co paliceimong chefineotge gr co ie in.evi 38 
£r,509. the (23.cxm gr a iro T:c.. REG BY Lys 
vhic ihe Be, Bt ot Lo 28m. or hed difta':ce or the fit 
Jourc trenihemerig eng an. rem JOUr.V1 1987, 4610, 
for ti)! and: hovr a divicioward as 1n Fe: gre: vertical, 

Andglor Fae ewo M e xumple 23, yVou way exicnd the com- 

rom te fineat 90 gr.vnro theline ©: 66 er.zo mw: lo 
the tome exentill IT 21 bn tin: [11:C 0; Can .1 CSECO!NI IS gr, 
VIO 173 £7.40 01.1002 LIL O! Ie, from 75 £7.10 73 3h 
43 m.ior cc llichonre, irou 20 £Y-VIIO 27 83.54 {or tie 
tecond houre, ir 60 07, vnNtw gp gre 48 9,100 LC HOUNLA 
hourc,and ſnow 45 £7. Viicw 42.7030 Wm 4 3g thicd houre 
trom the meridian, 

Thcete arks being known, you wiv {1 Ft erow the ho i- 
zontal! linc,and crofle 1t in then ole writ a perpendicular 
that may ſerue both tor the wer on 21d the lure of 3 
and the ſubſtylar, then know in which pole 1s elenatey as 
boue the plane » YOU NL Ry ACCONrcT E's 14, ;tke cluvice of a fit 
point in che meridian torthe cencer 0/7007 houre-l1ugs, id 
thence aelcribe an Occule arke of a cir: miribe the ct oras 
of tho{ciormer arks,and draw the "pod e lincs, and {er vp che 
{tyic,a> I itiev. cd i.ctorc 1 the horizontal plane, 


CHAP. VII. 
Todraw the houre-lines tn an Tverticall 
declininz Plane. 


A L I vprighe planes whereon a man may draw a verticall 
lure, are in thusreſpect ſad co be vericall; it chey ſhall 
allo 
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am . ' PR 4. y . — 
alln (& an f | te 4 ETA We: Cit rp ars 35 Ds IK 


-.'1 * wy K © Ry n , 6 ; : þ = 0 

dir; dv Doarti ant inht'h, ro oro ily caudy maridion 

[119 052007! Os 2 ONE pine ie tat; lis ; Sf 
p! 093 4 2 ICE PPE UF -s FF, TIM) Been b4t bo of rh 2!g 

: * 67. ns . 
F017 Cr EIS NODE SY C44 OP: [13/36 Gig 1d Her) WC. 
p rs ! = Sr R «by 

che 1rim: wor raenths 44; 1,17 arc then called by 
thoamoener 3mne Of fe) nee; r 1-15, 

EDS CIO DU co Soc; the or er ern 
Sort tg og 30 Cy ruth diincheſ: Nertherne 
paresor hoo wort bien iineunr. Trrhs DUNN COMING £@ 


theme a ant act yi: - Ka , 1-+5 che vouch faces 
port is foie Nor 3+ 22 ot hag plate, An une, the Sunng 
ſhal! lm vp nun Irivat tn inoz16, and yer longer in 
the torenoone hon tn the roi fc SIM: weait ty Oy 
if lon-7er em che afiernoone chea in the trrenoone, 1t 15 tive 
Sourhneftiace of te plane, our frow much uns acchnation 
comer, 1S beft ion! dasbcior., 

When the dechnation 15104914, therc be f:vre chings 
more £9 de confidered betore ve can come to the draiving 
of the tone ="ines, and 4'! fourc repreſented 11 the funda» 
mentall Diagram, 


1 Thc Meridian of ile plane and his inclination 
to 118 me11d1a;: of the jlice, 


Lee ty: a” Ao EAR re: ref "11t thay hes Verricalt, and 
B Z !) 4 aecl. nin, ; 5 Y Crewe 1! gz AC< ki 17 tO 11G kb. zorl ot declt- 
na wt EZ2?, tiemeridia; wr * 52 15 r. 9rofenced by 
PZS, a. lito the verucall EZ Wart rel. nds ar the 755 
mich 1n 111- SITTITN 2; but tie roper nur. i of the pine 
wil be PRyvvieh 's 2 perpen dicular let dowine iro;meihe pots 
vito che dechning veracall, a: 1d croffin 3 1 wit 0p 1'17;0$ 
in he Pme R, 5 112 a7 RP Zhen the melting: 
£1011 Of che two mer 111g ag :24y thus be RO 's 

I" che cmanvle PRZ we know the anole at R to be a 
nghc angle, a' 1d the anslexcZ, tor it is he comprement of 


the decl.nation,an: i che hate PZ, tor itis the complem ent of 
the latitudes Aud C1CKCLOTE 
As 


wo”, 


SE 3 EEES 


—_— 
=. 
- 


— 
-————_ 


Sy 


o 
—  — - 
— _ _ 


112 Thedeſeription of « vertical declining Plane. 


of Ae 
x 


{E 


N/2——< /Y: 


SSL 


-v5 
"$9-—-K een 0-vn" BL 


As the ſinc'of the latitude 
is to the (inc of gogre 
Sorthe tangent of the declination 
co the tangent of the inclination required. 


2 The height of the ſlyle abowe the lane. 


This is here repreſented by the perpendicular arke P R, 
and may be "oohes by that which we hauc knowne in the for- 
mer triangle PRZ, For 


As 
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As the ſine of go gr. 

to the coſine of the latitude: 
$9 the coline of the declination 

to the line of the height ofthe Ryle. 


Or if you pleaſe ro make vſe, of the angle of the inclina- 
-:on of the two meridians, the proportion will hold. 
As the ſinc of go gr. 
cothe coline of the inclination of meridians: 
So the cotangent of the latitude | 
ro the tangent of the height of the ſtyle. 


3 Thediſtaxce of the ſubflylar fromthe meridian. 


This is here repreſented by the arke Z R,and may be fonnd 
by chat which we haue knowne in the tormertriangle PRZ. 
As the ſine of gogr. * 
ro the ſine of y 4 declination: 
So the cotangent of the latitude 
to the tangent of the ſubſtylar from the meridian. 


4 The diſtance of each houre-line from the ſubſtylar. 


The diſtances of che hourc-lines from the ſubſtylar , are 
here repreſented by thoſe arks of the declining vercicall be- 
longing tothe plane, which are intercepred berweene the 
proper meridian of the plane and the houre-circles. 

To this purpoſe we haue diuers triangles made by the 
declining plane, together with his proper meridian and the 
houre-circles. In theſe we haue knowne, firſt che right angle 
at the interſection of the proper meridian with y planezthen 
the ſide which isthe height of the pole abouc $ & plane;and 
thirdly the angles at the pole. For knowing che angle of 1n- 
clination betweene the meridian of the plane andthe meri- 
dian of the place, which is alwayesthe houre of 12, we may 
finde the angle berweene the meridian of che plane and the 
boure of 1, by allowing in 15 gr. and the angle A 
p the 
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the meridian of the plane and the boure of z,by allowing in 
| 30gr. and ofor the reſt, which being knowne,we nd 
the arks of the planc from the ſubſtylar to the houre-circles, 
in this maner. 
As the fine _ 
to the line of the height of the pole aboue the planc: 
So the tangent of the houre from the proper meridian, 
ro the tangent ofthe houre-line from the ſubſtylar, 


Thus in our latitude of 5r gr.3o mr. if the declination of 
an vpright plane ſhall be found to be 24 gr.20 m. trom the 
prime verticall, the one face open to the Sourhwelk, the 0- 
ther to the Northweſt , I may number theſe 24 gr. 20 mm. 1n 
che horizon of the fundamenrall Diagram , from E vnto B, 
according to the ſituation of the planc, and there draw the 
verticall BZ D, which ſhall repreſent the plane propoſed. 

Then "ako the compallcsinro my hand, 

1 I may extend them from the fine of the latitude 1 or. 
30 m.vnto theſine of go gr.the ſame extent willreach in * 
line of tangents from 24gr.2o0 w. the declination giuen, to 
about 3o gr. and ſuch is Z P R the angle of inclination be- 
tween the meridia of the place & the meridian of the plane; 
and therefore the meridian of the plane will here fall vpon 
the circle of the ſecond houre fro the meridian of the place, 
(as1t may alſo appeare by opening the compalles to the nea- 
reſt extent, between the pole andthe planc)and there I place 
the lettcr R ro make this refanghe triangle P RP, 

2 I extendthe compallesfrom the (inc of ge gr.vnto the 
ſine of 38 gr. z3om.the complement of the latitude, and che 
fame extent will reach from the ſine of 65 gr.qo m. the com- 
plement of the declination, vato the (inc of 34 gr.33 m. 

Or I may extend them from the ſine of 9o gr.vnro the ſinc 
of 60 gr. the complement of the jnclination of the meridi- 
ans,and the ſameextent wil reach from the tangent of 3V gr. 
30m. the complement of the Jatitude, vnto the tangent of 


34 £7.33 m.and ſuch js the arke PR, the height of the pole 
abouc the plane, | ; 


31 
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3 I may extend the compaſſes from the line of go gr.vn- 
tothe line of 24gr.20,w.the declination giuen;ard the lame 
extent will reach from the tangent of 38 gr.3o m. the com- 
plement of the latitude, ynto the tangenc of 18 gr.$ mr. and 
ſuch is che arke Z R, the dittance of che {ubſtylar from che 
meridian. | 

4 Thar I may finde the diſtance of each houre-line from 
che ſubſtylar, I conſider the angle of inclination of the 


meridians RP Z,and there ſee hoy that Þ Z the meridian of 


the placezwhich is che houre of x 2,being 30gr.diftance tron 
PR the meridian of the plane, and that one tace of the plarc 
being open to the Southweſt, and che other to the North - 
caſt, this meridian of che plane talleth ro be the ſame with 
rhe houre of 2, (otherwiſe with the houre of 10:)theretore 
allowing 15 gr.tor an houre,the houre of 1, R PO will be 15 
2r.and RP Xthe Toure of 11, 45 py. dittane from PR the 
proper mcridian ofthe planc:aud fo I gather chgynclination 
fehe reſt of the houre-circles roward ch1is melts z_ ACcor- 
ding to their anglesat the pole,as in this Table. 
Then raking my compalles1n my hand, 

I extend them from the ſine of go gr.vn- |T;Avg.Þo[Ar.Þla, 
to the line of 34 gr.33 m. the height of | 2 |Gr. M/Gr dt 
the pole aboue the plane,and finde them | 50. oo © 
tro reach in the line of tangents from 15 | 75 064 42 
gr.the inclination of the houre of xz, to8 \c|;, 044 30! 
£7.38 m.torthearke of 2,from the ſubſty- |, , 15 ©2933 


lar, and from 3o gr.vnto 18 gr.$ m.for the |, |, og 'g 
houre of 12, agreeable to the third Prop. | |, | & .g 


and from 45 gr,vnto 29gr.33 ms. forthe | , Merrd\ ſubſty] 
houre of 11, and fo the reſt, which I z3l15 of $38 
allo ſer downe in a Table. | y = WE 
Theſe arks being thus found, wil ſerue | 511. cl,, 33 
for the drawing of the houre-lines, both | gg6 0/44 ph 
on the Southweſt fac, andthe Northwelt 7.75 ol64 42 
tace of the plane, 8'90 0:90 O 
For coming to Mm —_ | mes 

1 By the help of achread and plunamet I draw 2 _— 
P 3 nc 
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116 The deſcription of « wtriicall declining Plane. 
line, ſcruing both for the meridian of the place and the 
houre of x 2. 
2 I'1 this meridian line I make choice of a center at Czin the 
vpper part of the line, if it be the South face, as here we ſup- 
poſe it, that the ſtyle may haue roome to point downward; 
bur in the lower part of the line, if it be the North face of the 
plane; for chere the ſtyle muſt point vpward: and = this 
center I deſcribe an occult circle, repreſenting the declining 
verticall belonging to the plane. 

3 I find achordot 18 gr.$ m.the diſtance of the lubſtylat 


trom the meridian of the place, and in{cribe it into this cir 


[| 


o 
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cle,from the meridian vato A toward the tohchand, be- 
cauſe in this example the meridian of che plane falls a- 
mong the houres atrer noone, (tor otherwiſe ur muſt kane 
been inſcribed coward the lett hand) and there I draw the 
line C A ſerving for the ſubſtylar, 

According to the Table of the arkes of rhe plane from 
che ſubſtylar,I nd a chord of 8 gr. 38 ms. and inſcribe it inco 
clus circle, trom che ſubſtylar roward che meridian, for the 
houre of 1.In like mancr achord of 29gr.23 m.torche houre 
of 11, and achord of 44gr.z0m, tor the houre of 10, and 
fo tor the reſt of the houres, cheir halues and quar- 
6crs, 

5 I drawright lines chrough the center and che terme: 
of theſe chords,and thelc lines lo drawnc are the houre-lines 
required, 

[ aftly, I ſer yp che ſtyle ouer che ſubſylar,ſo as it may cur 
thepglaneinthecenter, and there make an angle with the 
ſubitylar of 34gr.3z m.. according to the height of the pole 
aboue the plane ; ſo it ſhall repreſent the axis of the world, 
and be truly placed for caſting of the ſhadow ypon the 
hourc-lines 1n this declining plane, 


A ſecond example. 


Aﬀeer the like maner it in our latitude an vprighr plane 
ſhall decline 85 er.trom the prime verticall, the one tace of it 
being open ro the Northweſt, and the ocher to che Souch- 
caſt, we may in ſome ſort repreſent it by the vercicall 2ZH, 
 andthen working as before. | 

x TheaneleZ PT\,the inclination of the two meridians 
will be ans 4 be 86 gr.g m. ſo that PT che meridian of 
chis plane, will here fall between the houre-circles of 6 and 7 
from the meridian. 

2 Thearke P T the height of the pole aboue the plane 
will be onely 3 gr.6 mn, | 

3 Thearke ZT the diſtance of che ſubſtylar from the 
meridian 38 gr, 23 % 
[ 3 4 The 
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4 The Table of the ng. PojAr. PhaC F;C_ G 
angles at the pole will be | |Gr. M, Gr. M In, Par, Io, Par. 
allo gathered, hy compa- 186 558 2391 o879 21 
ring the meridian of the | [78 35.15 3/430 92.26 $9 
pore with the reſt of che |, , 7x $5|\g9 618 42116 o2 
10ure-circles, For the an- | 63 35] 6 1312 52110 2g 


gle TPZ betweene PT \'. Jes 5| 4 36! > Sel © os 
the meridian ofthe plane, TIT AAF. 


— 1 | 

P Z the meridian of the on 4 : = - = : G 
place,and the houre of 12, —'n 5 _ 26| 1 20| x a 
EE — Merid. Subſtyl © © © of 
TE gf 0000 moor, 2.163 $9 0.25044] 6.39 
houre of 11 |: wil be 78 gr. 18 | I 4 2 r5| 1 86 
35m9.and thc hourcotri MF 3 Se 2 5| 4 18 3 6 | 
71 gr. 5 m. diſtant from wen -d ah 7-13 6 4; 
che meridian of the plane; 4 | - Po, 7711 10 
Gas 6s " : 7, ox0\1L <6 16 X 

4s in the {c&8nd columne 7 5; 9 g 22 oF 
of this Table of 1944.4 hed <p 


Then hauing the height 
of the pole aboue the 
plane, and theſe angles at the pole ; the arkes of the plane, 
berwecne the ſubſtylar and the houre-circles, will be found 
as in the third columne. - 

Theſe arks being found, will ſerue for the drawing of che 
houre-lincs on either face of this plane. 

1 By thc help of a thread and plummet I draw ZC aver- 
ricall planc, ſeruing borh tor the meridian of the place and 
thc houre ot 12. 

2 Inthis meridian line I make choice of a center in the 
vpper parc of the line, 1f it had been che Southerne face of 
the plane, buthere in C the lower part ofthe line, becauſe 
wetuppoledit to be the Northweſt tace of the plane,and the 
ityle muſt point ypward; and ypon this center I deſcribe an 
occult circle repreſenting the Stining verticall belonging 
ro thus plane, 


3 1 inde achord of 38 gr.23m, the diſtance of the ſub- 
ſtylar 
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ſtylar from the meridian of the place, and inſcribe it into 
this circle, from Z in the meridian, vnto T toward the lefr 
hand, acording as the proper meridian PT falls in the fun- 
damenrall Diagram and here I draiy che line CT ſerning 
for the ſubſtylar. 

4 The ſubſtylar being drawne, I may inſcribe the chords 
of the arks of the plane trom the ſubſtylar , and draw the 
houre-lines, and ſet vp the ſtyleas in the former planc. 

Or the arks of the plane from the ſubſtylar-being found 
as before, we may draw the hourc-lines vpon-the plane 0- 
therwiſe then by chords. For hauing drawne the houre-lines 
asin the laſt Ggurc,vpon paper or pailt-boorxd, we ſhall _ 

the 
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che wolt part of them,in this and ſuch like planes chat have 
rreatcr declination, to fall ſo cloſe together, that they can 
hardly be ditcerncd: wheretore to draw them at large tothe 
beſt advantage of the plane, leaue our the center, and dravy 
them by tangents, a5 1 the polar plane. 

1 [I conlider the length and bredth of the plane where- 
on I am to draw the hourc-lines, which I ſuppoſe to be a 
tquare,': hole lide 1s 36 inches,and find that the little ſquare 
ABD E wil contain both che ſubſtylar and all thoſe houre- 
lines which are required in che great ſquare AZ C 9, 

2 I draw two parallell lines F N, G 2M, croſſing the ſub- 
ylarat right angles in che points F & G,fo as they may beſt 
crotle all the hourc-lines,and yetthe one be diſtant from the 
ocher as far as the plane will giue me leaue;and I find by the 
light of che figure that it AB the de of the leſſer ſquare 
ſhall be 36 inches,the line C F will be about 115 inches,and 
the line C G about 100 inches, and therefore FG 15 inches, 
Againe, that the point F will fall about 6 inches below the 
vpper horizontall fide A B, and about 12 inches trom the 
next verticall ſide B D;for I nccd not here ſtand vpon parts, 

3 Becauſe theſe two paralle]l Jines arc tangent lines in 
reſpect of circles drawne vpon the ſemidiamerers C F, CG, 
and ſuch tangents as belong ro the arkes of the plane, be- 
eweene the ſubſtylar and the houre-lincs, the proportion 
will hold, 

As the tangent of 45 gy. 

co the tangent of the arke of the plane: 
So the length of the ſemidiameter 

co the length oftherangent line, 

As for example, the arke of ; plane betweene the ſub- 
{tylar and the houre of x, is 15 gr.28 mv, in the former Table, 
the ſemidiameter C F 115 inches, and the ſemidiameter C G 
100 inches: wheretore I extend the compalles from the tan- 
gent of 45 gr.vnto the tangent of 15 gr.28 w. the ſame ex- 
cent will reach from 115 inthe line of numbers vato 31,82, 
which ſhewes the length of the tangent line berweene F in 
the ſubſtylar andthe houre-line of z,to be 31 inches,82 cenr. 

or 
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or parts of 100, Againe,the fame extent will reach from 100 
vitro 27, 67zand ſuch isthe length of the letſer rangenttrom 
G co the houre oft, 

The like reaſon holds for the length of the other tangents 
from the ſubſtylar ro the reſt of the houres, as in the Table; 
«5 alſo for che height of the ſtyle aboue theſe tangent lines; 
and fo the angle of the ſtyle abouerthe plane being 2 or.6 ”. 
the height FK will be tound to be 6 inches 23 cert, and 
the height GL 5 inches 42 cent. 

Where the Reader may obſerne, that if rhe cxtent from 
che tangent of 4F gr. tothe tangent of 3 gr.6m. or to 115 in 
the line of numbers, be roo large tor his compatſes, he may 
vie the tangent of 5 gr.43 min ttcad of the tangent of 45 gr, 
25 I norcd belorc Pag.100. 

4 Hauing tound thee lengrhs and heights,and ſer them 
downe in a Table, I come to the plane here reſembled by 
the letler {quare AB D Ewhere I begin with an occult ver 
ticall F H,abour 12 inches trom the hide B D, and vpon the 
center F, about 6 inches beloiv the tide 2 ÞB delcribe an oc- 
culc arke of a circle. 

5 Into chisarke I firſt inſcribe a chord ot 38 gr.23 w. the 
diſtance of the ſubſtylar from che meridian,ro make the an- 
ole HF GequallcotheZCT;lorhe line FG ſhall be the 
{ubſtylar:and chen another chord of 51 gr. 37 m.the comple- 
ment of this diſtance, ro make vp che rightangle G EF NN; to 
the line F N ſhall be the greater of che cwo tangent lines be- 
tore mentioned, 

6 I ſeroff 15 inches from F vntoG, toward the cenrer, 
and through G draw che lctler rangent Ine GA parallel! co 
che foriner. 

7 Theſe two occule tangent lines being chusdrav.ne, 1] 
looke vnto the tormer Table for the houre of x, and there 
tinde the arke of che plane berweene che ſubſtylar and the 
houre of 1,to be 15 gr.28 m. andche pas. belonging to 1t 
in the greater tangent line to be 31 inches 82 cens, 11 (he 
lctſer tangent line 27 inches 67 cen: wherctore ] take our 
31 inches $2 parts, and pgricke chem downe 1n the vrearer 
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tangent from F to N,andchen 27 inches 67 parts,and prick 
them downe in the leſſer tangent fromG to MH, and draw 
the MN tor the houre of 1, which if it were produced 
would crolle the ſubſtylar FG in the center C, and there 
make theangle FCN 15 gr.28w. The like reaſon holdech 
for the drawing of all the reſt of the houre-lines. 

Laſtly I ſer vp the ſtyle right ouer che ſubſtylar, ſo as the 
height F K may be Ginches 23 cent,and che height GL yg in- 
ches 42 cent. then ſhall K L repreſent tlie axis of rhe world, 
and it it were produced would crolle thc ſubitylar FG 1n the 
center C, bans make theanele FCXK to be 3 gr.6 m. 
and fo be truly 2599 for caſting of the ſhadow vpon the 
houre-lines in this declining plane. 


CHAP, VIII. 


To draw the houreslines in a meridian 
mclining plane. 


Af thoſe planes wherein the horizontall line is the ſame 
with the meridian line,. are therefore called mcridian 
plancs: if they be right co the horizon, they are called by the 
generall name of meridian phanes without farther addition, 
andarcdeſcribed before : it they leancto the horizon, they 
are then called meridian incliners, 

Theſe may incline cither ro the Eaſt part of the horizon, 
or tothe Weſt, and cach of them hath ewo faces, the vpper 
toward the zenith, the lower toward the Nadir , wherein 
knowing the latitude of the place,and the inclination of the 

plane to the horizon, we are to conſider . 

1 $> The inclination of the meridian of the planc to the 

meridian of the place. 

2 The height ofthe pole aboue the plane, 

3 Thediftanceof the ſubſtylar from the meridian. 

4 Thediſtance of cach houre-line from the ſubſylar. 

Andaall theſe foure are repreſented in the fundameneall 
Diagram, 


m4 meridian inclining Plane. 123 
Diagram, as in this example. 

In our latitude of g1 gr.30 mm. a meridian plane inclineth 
Exſtward gogr; theſe gogr. I number in the verticall circle 
trom EvntoG, according to the inclination of the plane, 
and there draw thearxe SG MN repreſenting the plane pro- 
poſed, Then I ler downe a perpendicular arke P Y from the 
pole tothe plane, ſeruing tor the meridian of the plane, fo 
haueI a reQtangle triangle PYN, wherein the baſe P N is 
che height of the pole aboue the North part of the horizon, 
and the angle P N Y the complement of the inclination to 

the horizon; and theſe being toro 
1 [I may findetheangle NPY of inclination of the two 
mcridians, For 
As the coſine of the latirude 
isrothelinc of go gr, 
So the tangent of inclination to the horizon, 
roche tangent of inclination of meridians. 


Extend the compalles from the line of 38 gr.zo m. the 
complement of the latitude, vnto the line ot go gr. the ſame 
excent will reach from thetangent of 5ogr.o #, the inclina» 
tion of the plane co the horizon, vnto the tangent of 62 gr. 
25 m.and ſuch is che inclination of the meridian of the plane 
ro the meridian of the placezwhich being reſolued intro time, 
doth giueabout 4 houres and 10 mw. from the meridian, for 
the place of the ſubſtylar among the houre-lines, 

2 The height of the pole Ku the plane 1s here repre- 
ſented by the quantitie of the arke of the proper meridian 
PV, betweenethe pole and the plane, and may be knowne 
by that which we haue giuen in the former triangle P V N. 
Fer 

As the ſine of go gr. 
co the line of « f latitude: 

Sothe coline of the inclination to the horizon, 
co the fine of che height of the pole aboue the pyane. 


Extend the compaſlles from the ſine of go gr. vnto 51 gr. 
30m, the inc of the laticude,the ſame extent wil reach —_ 
q 2 che 
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the {ine of 4o gr. the complement of the inclination of the 
plane to the horizon,vnto the ſine of 3ogr.13 m. 


Or as the ſine of go gr. 
co the coline ot inclination of meridians: 

So the tangent of the latitude (plane. 
tothe tangent of the height of the pole aboue the 


Extend the compalles from the ſine of go gr.vnto the tan- 
gent of 51 gr. 30m. the latitude of the place, the ſame ex- 
tent will reach from the ſine of 27gr.35 m.the complement 
of the inclination of the two meridians, vnto the tangent of 
zogr.12w.Andiuchis PY the height of the pole aboue the 
plane, and ſuch muſt be the heighr of the ſtyle aboue the 
{ubſtylar. 

3 The diſtance of the ſuyRylar from the weridian 1s here 
repreſented by N FY the arke ot the om betweene the two 
meridians, and may be found by that which we haue giucn 
it the firſt in the former triangle P YN. For 


As the ſine of go or. | 
rothe (inc of the irclination to the horizon: 
So the tangent of che latitude 
to the tangent of the ſubſtylarfrom the meridian. 


Extend the compatles from the ſine of go gr. vuto the tan- 
gent of 51 gr. 30 mthe latitude of the place, the ſame extent 
will reach tromehe fine of 50 gr. the inclination of the planc 
tothe horizon,vnto 43gr.55m. And iuch isthe arke NV 
the diſtance of the ſubſtylartrom the meridian, 

4 The dittances of the hourc-lines from che ſubſlylar,arc 
here allo repreſented by thoſe arkes of the plane , which arc 
here intercepted betwcene the proper meridian and tic 
houre-circles, and may be tound by that which we haue g1- 
uen in the triangles made by the planc, with his proper me- 
rid1an and the houre-circles, For the angle at F, berweene 
the plane and the proper meridian, is well knowne to be 
right angle,andthe (ide P Y is the height of the pole aboue 
the plane, and the angles at the pole betweene the proper 
meridian and the houre-circles are cafily gathered into e<bg 

& 
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ble, Theangle]'P N berweene JP che proper meridi21n of 
the planc,2nd P NV the gen:rall meridian ot rhe place bein's 
62gr.25 m, the angle between the proper meridian and the 
circle of che houre of 11, will be 77 gr. 


25 ms, and the angle belonging to the {| T]ng.Þo.jArc,Þla, 
honre ot 1,47gr.25 91,2nd (o the relt of E 5, Mi Gr, Mu 
the angles ac the polz, Then 11]77 25.66 4 
As the (j1c of 90 gr. 121952 25/43 $5S 
cothe line ot che pole abouey plane: 1/47 25/38 41 
Sothe tangent of the angle ac the pole, 2/32 25/17 43 
co the tangent of che. houre-line 3/17 25| 8 58; 
trom the {ubſtylar, 4j 2 25| 1 13 


Wherefore | extend the compalles | Uerid Sw/jiyl, 
from che line of gogr. vato the fine of | 5,12 35; © on 
30gr.12 m. the height of the pole a= | $77 35,14 44; 
boue the plane, and I finde the ſame | 74* 35,24 4* 
extent to reach in the linc of tangents | 857 3539 23 
trom 77 gr 25 m.vnto 66 gr. 4 m. tor the | 972 35.58 ; 
diſtance belonging to the houre of 11; zo 87 35,95 12 
and trom the tangent of 62 gr.25 m1. to | 
43 gr.55 m.tor the houre of 12.as when I found the diſtance 
ot the ſubſtylar from the meridian, And ſo for the reſt of the 
arks of plane betweene the ſubſtylar and the houre-circles, 
as in the Table, | 

Thete arks being chus found, wil terue rodraw the houre- 
lines on erther {ide of this plane : bur ſuppoting '* to be the 
vVpPcr [1ciC, FT 

1 [ driw the horizontall line C N, (eruing for tue me: 
ridjan and houre ot 12, 

2 Ta:hislineT make choice? of a center a* C, and thence 
deſcribe an occult arke of a circle repreieutins the plan - 
propoſed, | 

3 I findachord of 43 gr.s4 ». the diſtince of rhe ſub- 
ſtylar trom the meridian , and inſcribe it into rh141s circle 
trom AM vnto A, according as I finde the proper meridia: 
PV co fall in the fundamental diagram,and there I draw the 
ime CA ſcrumg for the ſubilylar, 
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4 The ſubſtylar being drawne, I may inſcribe rhe chords 


To araw the houre-lines in 4 polar 


declininz Plane. 


CHAP. 1X- 


; of the arkes of the plane trom the ſubſtylar, and draw the 
E houre-lines,and ſet vp the ſtylegas in che former planes, 


Hoſe planes wherein a line may be drawne parallel! to 
the axis of the world, are called polar playges, becauſe 
that 
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that line pointeth vnto the PIN theſe planes are always 


parallell co ſome one of the houre-circles, If they be parallell 
to the houre of 6, they are called direct polar planeszif to the 
khoure of 12, they are called meridian planes; and both theſe 
arc deſcribed before : if to any other of the houre-circles, 
they arc then called by the name of polar declining plans, 
becauſe of their inclining to the pole, and declining from 
the verticall, 

Theſe kind of planes may be knowne in this ſort: Firſt 
conliderthe inclination of che plane to the horizon, which 
in theſe parts of the world mult alwaycs be Norhiward, and 
morethen the latitude of the place. Then find the declina- 
tion from the verticall, Theſe two being knowne the pro- 
portion hold, 

Asthe line of go gr. 
tothe coſine of the declination: 
So the tangent of the inciimarion 
tothe tangent of the lacitude; 
it is then a polar declining planc, otherwiſe not. 

For examplc,in our latitude of 51 gr.30 m2. a plane 1s pro- 
polcd declining from the verticall 65 gr.qo mn. and inclining 
Northward 71 gr, 51m, the vpper face being open to the 
Southeaſt, and the lower to the Northweſt , It I number 
thoſe 65 gr.qom.in the horizon of the tundamencal diagram 
from E vio ©, and draw the line H C2, it (hall repreſent 
the horizontall line of che planc ; chen crothing it ar righe 
angles with the plane B Z D drawne through che zenith, I 
number71 gr. 1.tor che inclination from D vato R, and 
there draw the circle HR ©, this circle fo dravwac ſhall re- 
preſent the plane propoſed; and becauſe it alſo patlcth 
through the pole, 1t 1s therefore a poly tor tar- 
ther eriall I extend the compailes tram rhe fine of go gr.to 
the fine of 24gr,20 m. che complement of che declination, 
and I find the ſame cxtent to reach from the tangent of 71 
gr. 51 m,the inclination propoſed, vnto the tangent of 51 

£r.30m.which is the true latitude of the place,and therefore 
it 1s a polar plane, 


Here 
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Here chen the ſtyle will be parallell ro the plane, and the 
hour -lines parallell one ro the other, as in the meridian 
and direc polar planes. But that we may know how to cravy 
the hourc-lines, and where ro place the ſtyle, we are to 
eolLfydcr 

1 The arke of the plane betwerne the horizon 
and the houre. lines. 


In meridian plane the arke berweene the horizon and 
'Uc horrilines, Is alwayes equall co the Jatitude of the place; 
12 c:rcet polar it 1s an arke of gogr; in theſe declining po- 
:cr51t 1s greater then the latitude, and yer letle then 90 gr. 
and nay be knowne in this maner. 


As theſine of go gr. 
to the coline ot the latitude: 

So the line of the declination 
to the coſine of the arke betweene the horizon at: v 
the houre-lines, 


Extend the compalles from the line of go gr.vnto the ſjic 
of 38 gr.39 m, the complement of the laticude, the fame ex- 
tent will reach from the ſine of 65 gr. qow. tic declination 
propoſed, vnto the fine of 34 gr.34 m. whole complement 

5 £7.26 m.the arkeof the plane berweene the horizon and 
the ſubſlylar,to which all che houre-lines mult be parallell. 


2 The inclination of the meridian of the plane 
to the meriaian of the place, 


The ſubſlylar in adirc& polar plane is alwayes the ſame 
with the houre of 12: in a meridian plane it is the ſame with 
che houre-line of 6: 1n theſe declining polars jt muſt be pla- 
ced betweene 12 and 6, according to the inclination of the 
meridian ot the plane co the a5 er of the place, which is 
thus knowne. 

As the line of gogr, 
co the line ot thy latitude: 
So 
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So the tangent of the declination of che plane, 
co the tangent of the inclination of meridians. 


Extend the compalles from the ſine of go gr. eo the line 
of 51 gr. zow.the latirnde of the place, theſame extent will 
reach from the tangent of 65 gr.qo mr, the declination propo- 
ſed, vnto the tangen? of 60 & and ſuch is che angle of incli- 
natiqg betweene the meridian of the place and the proper 
meridian of the plane, which dived, into time doth make 
foure houres; and {o the ſubſtylar muſt here be placed ypon 
the houre of 8 in the morning. 

This angle being knowne, the reſt of the angles at the 

ole are cafly gathered. For if the houre of 12 be 60 gr, di- 
Sow from the meridian of the plazc, the houre of x will be 
75 er. and the houre of 11, will be 45 gr. diſtant, and the 
reſt bf the houres, as in the Table following. Then com- 
ming tothe plane, 

1 [I draw an occult horizontall line #9, wherein I make 
choice of a center H, and deſcribe an occult circle for the 
horizon of the plane. 

2 I finda chord ef 55 gr.26 wand inſcribe it into this cir- 
cle,from ,2 vnto B, according to the ſituation of the plane; 
ſo the line H B ſhall be che meridian of che plane; and there- 
fore the ſubſtylar and theline A C croſſing it at right angles, 
ſhall be the cquator. 

3 I conſider the length of the plane,and how many hourcs 
I am todraw vpon it, that ſo I may proportion the heighr 
of the ſtyle z and I finde by the fundamentall diagram and 
 theformer table, that it will containe all the. houres from 
Sun riſing vntill x afrernoone: and therefore the meridian 
of the plane falling on the houre ot 8 in the morning, there 
will be foure houres on the one (ide, and five on the other 
fide of the ſubſtylar. Bur in all polar planes che height of 
the ſtyle abouc the fubſtylar muft be <quall ro the diſtance 
of the third houre trom: theſubſtylar,or abour 4 of the fourth 
houre, or little more then ; of the fit houre, and thereupon 
[ allow the height of this ſtyle ro be equall co C B, which 
you may ſuppoſe to be ten inches, 
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4 Becauſe the cquaror AC is a tangent line 1n reſpect 
of the Radius BC,and the partsrhereof are ſuch as belong to 
the angles berweene the micridian of the plane and the 
hourelines, which angles are ſet downe in the table follow- 
ing, I may finde the length of each ſcuerall tangent in this 
maner. 

As the tangent of 45 gr. 

15to the rangent of the houre: 
So the parts of the Radius, 

ro the partsof the tangent line. 


.Theangle ABC betweene the meridian of the plane 


and the houre of 12, rhe meridian of the place js 60 gr. in 
che 
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45 oto 
4d 45 11 
52 3O13 
56 15/14 
60 O(17 
67 30,24 
71 15/29 
75 0137 
82 30 75 
Bg I'5 152 


.|Taogen 


63 45120 24 


78 4550 27 


96 
57 


go o© Irnfinit] 


I3T 
the former table, and the Radius B C is 
ſuppoſed to be ren inches; whereupon 
I extend the compatles from the tan- 
gent of 45 gr. vntothe tangent of Go gr. 
the ſame extent will reach trom 10 1n 
the line of numbers,vnto 17. 32, which 
ſhewes the length of the tangent eA C 
berweene the ſubſtylar and che houre 
ot I3,to be 17.32 cent, The like reaton 
holds for thereft of the houres. 

5 Theſe lengths being thus found 
and fer downe in the table, I rake out 
17 inches 32 cent. and prick them in the 


equator from C vnro A tor the houre of 


12,and 37 inches 32 cext.and prick them 
downetor the hourc of 1. And lo the rejt 
ot the houre-points, 

6 Thus done, it I] draw right lines 
through cach of theſe points, crolling 
the equator at righr angles,they thall be 
the houre-lines required : and 1t I ſet 
the ſtyle oucr the tubiltylar, fo as the 
edge of it may be parallel] co che plane, 
and the height ot it be ten inches cquall 
ro the tormer Radius BC, it ſhall repre- 
{cnt the axis ot the world, and be truly 
placed for caſting of the ſhadow vpon 
the houre-lines in this declining polar 
plane, 
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CHAP. X, 


To draw the houre-lines in a declining 


mclining plane. 


F a plane ſhall decline from the prime verticall,and incline 
to he horizon, and yet not lic cuen with the poles of the 
world, it is then called a declining inclining plane. 

Of theſe there are ſeucrall ſorts; for the inclination being 
Norchward, the plane may fall berween the horizon and the 
pole, asthe circle B M D in the fundamenrall Diagram; or 
berweene the zenith and the pole, as B F D: or the inclina- 
tion may be Southward,and ſo be repreſented by B KD, it 
may alſo fall cither below the incerſeion of the meridian 
and the cquatoryor aboue it; and cach of theſe have two fa- 
ces, the ypper toward the zenith , and the lower toward 
the nadirg wherein hauing the latitudeof the place with the 
declination and inclination of the plane , we arc farther to 
conlider, 

1x Thearkeof the meridian betweene the pole and the 

lane. 

2 The inclination of the plane to the meridian. 

g Thc arke ofthe plane berweene the horizon and the 

meridian, 
The angle of inclination betweene both meridians. 

5 The hcight of the pole aboue the plane. 

6 The diſtance of the ſubſtylar trom the meridian. 

75 The diſtances of cach houre-line from the ſubftylar. 

And alltheſc feuen may be repreſented in the fundamen- 
tall diagram, as in this example. 

In our latirude of 51 gr. 30, a planc is propoſed, decli- 
ning from the verticall 24 gr.20 wv. and inclining Northward 
36 gr. the vpper face lying open to the Southweſt, the lowes 
£0 the Northeaſt. If I number theſe 24 gr.20 w. in the hori- 
zon from E to B,andthere draw the lne BCD, it ſhall oe 

ene 
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ſent the horizoncall line of the plane: then croſſing it at 
right angles wich the plane HZ © drawne throngh the ze- 
nich, I number 36 gr. for the inclination trom p nes At, 
and there draw the circle BM D, crotſing the meridian in 
the point &; this circle ſo drawne ſhall repreſent the piane 
propoſed; and becauſe it doth nor patle through he pole, 1s 
therfore no polar, bur an ordinary ? crops inclining plane. 

1 Thearke of the meridian of the place between the pole 
and che plane,is here repreſented by P a, and may be found 
by reloluing the triangle DNa, wherein the angle at I 1s 
knowne to be aright angle, the angle at D 4s the angle of 
inclination, the (ſide DN the complement of the Fn. ae: 
on,which being kaowne, 


As the fine of gogr. 
to the colfine of declination: 

So the cangent of inclination to the horizon, 
cothe tangene of the meridian berweene the horizon 
and the plane, 


Extend the compalles from the (inc of go gr.vnto the fIne 
of 65 gr.qom. the complement of the declination, che ſame 
extent will reach from the tangent of 36 gr. the inclination 
propoſed, ynto the tangent of 33 gr. 30 m. and ſuch 1s the 
ark of the meridian N. 4 between - 4 horizon and the plane, 
Thisarke N 4 bemg compared with the arke N P, which 1s 
the cleuation of the pole abouec che horizon,and vs here fup- 
poſed to be 51 gr.zoms. the difference N 4 comerh to 18 gr. 
and ſuch is the arke of the meridian required berweeue the 
pole and the plane. 

2 The inclination of the plane to the meridian is here re- 
preſented by the angle Na D, and may be found by that 
which we haue giuen in the tormer triangle D Na. For 


As the fine of 90 gr, 

ro the line ot rhe declination from the verticall: 
So the fine of inclination to the horizon, 

to the cofine of the inclination ,o the meridian. 


Extend the compallesfrom the ſince of go gr.vnto the mn 
r 3 0 


 \ 
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of 24 gr.20 ms. the declination of the plane, the ſame extent 
will reach trom che line of 36 gr. the inclination giuen, vnto 
the coline of 76 gr. Andiuch is NaD the angle of inclina- . 
tion kerweene the plane Da, and N# the meridian of the 
place. Or oh 
As the inc of the arke of the meridian berweene the 
hor!-on and the plane, 

110 the line of go gr. 

Sothe corangent ot Ke declination 
- rothecangent ofthe inclination tothe meridian. 


Exrend che compatles from che linc of 33 gr.zom, the ark 
of the meridian bcerwecene the horizon and the planc, vato 
tt lineot go gr.che ſame extent will reach trom the tangent 
0: 65 er.40m.the complement ot rhedeclination vato rhe 
tangocnt of 76 gr. And ſuch 15the inclination of rhe plane to 
ticmeridian,the lime as betorc, 

3 Thearke oi the plane betweene the horizon and thc 
meridian, 15 herereprefented by D a, and nay alto be found 
by that which we haue giuen 11 the tormer triangle DNa, 

As the ſine of gogr. 

to the coſine of inclination to the horizon: 
So the cotanyent ot the declination 

rothe rangenc of the plane required, 


Extend the compatlles from the (ine of go gr.vnto the line 
of 54 or. the complement of the inclination of che plane ro 
che horizon, the ſame extent willreach trom the tangent of 
55 gr.qo m.the complement of the declination, vnto \ 4 tan- 
genc ot 69g gr.54m. And ſuch 15D @ the arke of che planc, 
berweene the horizon and the meridian of the place, 

4 The inclination of meridians 1s here repreſented by 
tcanzle a Pb, Forit I let downe a perpendicular Pb from 
the pole vato the plane, this perpendicular ſhall be the me- 
ridian of the plane;zand we ſhall zauc another triangle 46 P, 
wherein the angle arb isarighe angle, becauſe of the per- 
pendicular,the angle ar 4 ische inclination of the plane to 
cheimncridian of the place, and the lide P @ is the arke of the 

meridian 
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meridian betweene the pole and the plane,, which bein 
knowne, : 


As the coſine of the arke of the meridian bcrrycenc the 
pole and the plane 
1s tothe ſine of 90 gr, 
So the cotangent of the inclination to the meridian, 
ro the tangent of inclination of che meridian ot rhe 
plane to 6 meridian of the place. 


Extend the compaſles from the fine of 72gr. the comple- 
ment of the arke Ps, berweene the pole and the plane,vnro | 
the line of go gr. the ſame extert wil reach from the tanrent ©: 
of 14 gr. the complement of the inclination ot the plane ro | 
the meridian, vnto the tangent of 14 gr, 41 . And fich 15 | 
the angle @ Pb of inclinacion betweene the meridian «: tlie 
place and _—_— meridian of the plane, winch refolued Wh 5: 
into time,doth make about 59 minater, and {o che {ubitylar wy | 
muſt here be placed neare the houre of 1 tier noone, | wy 

| 
| 


— OD oe 


5 Theheight of the pole aboue the plane is here repre- 
ſented by Pb, the arke of the proper meridian beriycen the 
pole and the plane, and may be tound by that which wee ; 
haue giuen in the triangle a6 P, For i. 


Asthelinc of go gr. bF: 
ro the line of the meridiun of the plac? berweene the ' 
pole and the pianc: Tnny 

So the fine otthe inclination to che worden, 
tothe fine of the height of the pole atone the plane, 


— 
Extend the compatles from the fine of 9o er. vnarto the O 
fine of 18 pr.the arxe P 4 ofthe meridian of the plice trom td 
the polcto the plane,the {ame cxrent wil reach from the line 
of 64aP the inclinarion ot che plane co the meridian of the 
placc,vnto the fine of 17 gr.26 w1, Oc 


As the line of 9o gr, 


to the coline of inclination of meridians: } 7 f 
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So the tangent ofthe meridian of the place berweene 
the pole and the plane, 
co the tangent of the height of the pole aboue the 
plane. 


Extend the compalles from the fine of go gr.vnro theſine 
of 75 gr.19 m. the complement of «Pb the inclination of 
the rwo meridians, the ſame extent will reach from the tan- 
gent of 18 gr.the arke P 4 of the generall meridian between 
the polc and the plane, vnto the tangent of 17 gr.26 m. And 
fuch is Pb the height of the pole aboue the plane; and ſuch 
muſt be the height of the ſtyle aboue the ſubſtylar, 

6 This diſtance of the ſubſtylar from the meridian of the 
place, is here repreſented by «6 the arke of the plane be- 
eween the ewo meridians, and may be found by that which 
we had giuen at the firſt in the former triangle ab P, For 


As the ſine of go gr. 
to the ſine of - ah inclination ro the meridian: 
So the tangent of the meridian of the place berweene 
che pole andthe plane, 
ynto the tangent of the ſubſtylar from the meridian 
of the place. 


.Po.[Arc. Dla. 
Extend the compalles from the ſine | - =, __ _—_— 


© 
of go gr,vnto the line of 14 er. the com- |=]; 
ion of baP, the HG of the 739 41188 57 
plane ro che meridian, the ſame exrent 8/74 41147 35 
will reach from the tangent of 18 gr.the | 9159 49127 9 
arke of the gencral]l meridian betweene [3944 41 16 31 
che pole and the plane, vnto the tan- |*71*9 41] 9 41 
gent of 4gr.30m. And ſuch isthearke |1534 4! MA 
of the plane betweene the two meridi- {Swbffyl 
ans; and juch mutt be the diſtance from | ?| © r9] © 6 
che houre of 12 to the ſubſtylar. 215 lg] 4 42 
7 The diſtances of the houre-lines 3130 19] 9 56 
from the ſubſtylar, are here alſo repre- | 45 2911 5 2 
ſented by thole arks of the plane, which | 5ÞP® 1927 45 
are | $115 2948 51 


in a declining inclining Plane, I37 

' are intercepted between the proper meridian and the houre- 

circles. For in theſe _ the angle at b betweene the | 
Jlane and the proper meridian 1s a Tight angle,che lide Pb is 4 
the height ot the pole aboue the plane,and then the angles ar 

the pole berween the proper meridian and che houre-circles 


being gathered into a table, 


As the ſinc of gogr. 
ro che line ot the pole aboue the plane: 


So the rangent of the angle at the pole, 
rothe tangent of che houre-line troin the ſubit;lar, 


| Extend the compallestrom the linc of gogr.vnto the line 
of 17 gr.26 m. thc height ot che pole aboue the plane , the 


Þ 4 2X I I _ \ 
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{ame extent will reach from the tangent of 14gr.41 mr. the 
angle at the pole belonging to the houre of 12, vnto the 
tangent of 4 gr.30 m.for the arke of the plane betweene the 
ſubſtylar and the houre of 22; and fro the tangent of 29 gr. 

1 #9.vnto the tangent of 9 gr.41 mfor the houre of x1, and 
FA for the reit of : arks of theplane berween the ſubſtylar 
and the houre-lines, as inthe former table. 

Theſe arkes being thus found, will ſerue for the drawing 
of the houre-lines on either ſide of the plane: but ſuppoſing 
it to be the vpper ſide, I conſider how the lines doe fall in 
the fundamentall diagram, and accordingly 

x I draw an occult horizontall line DD, wherein I make 
choice of the center C, .and thence draw an occulr circle for 
the horizon of the plane. 

2 I finde a chord of 6g gr.54 mv. the arke of the plane be- 
tweene the horizon and the meridian , and inſcribe it into 
this cixcle from D vnto &, and chere draw the line C 4 for 
the houre of 12. 

3 I findea chord of 4 gr.30 m. the arke of the planc be- 
eweene the tio, meridians, and inſcribe ir into this circle 
from a ynro $, and there draw the line C6 tor the (ub- 
ſtylar. 

b The ſubſtylar being drawne, I may inſcribe the chords 
of the arkes ot the plane ſrom the ſubſtylar, and draw the 
houre-lines,and ſet vp rhe ſtyle as in the former planes. 


e1 ſecond example of a Plane falling betweene 
the pole and the 2:mith, 


In like mancr if in our Jatitude a plane be propoſed decli- 
ning from the vercicall 24 gr. 20m9.as before, bur inclining to 
the horizon 75 gr.qo m,Northward,the vpper face being opE 
to the Southweſt, the lower to the Northeaſt,chis plane ſhall 
be here repreſented by the circle BED, croſſing the meridian 
inthe point d, between the pole and the Rs Ip" pro- 
per meridian of e|115 plane, by the pes endicular arke P ce. 

Then inthistriangle DNd kv vying the ſide DN the 


complce. 
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complement of the declination, with the angle of inclina- 
nation to the horizon at D, and the rightangle atN, theſe 
former Canons will giue Na the arke of the meridian be- 
eween the horizon andthe plane to be 74 gr.20 mp; and ther- 
fore Pd the arke of the meridian berweene the polc andthe 
plane will be 22 gr. 50 w.the angle D 4N of the inclination 
of the plane tothe A ariry rears be tound to be 66 gr.29 mm, 
and Dd the arke of the plane berween che horizon and the 
meridian 83 gr.36 m. 

Againe, in the triangle Ped knowing the fide Pdthe 
arke of the meridian betwcene the pole and theplane, with 
the angle of inclination to the meridian at &, and the righe 
at &, x angle dP e of the inclination of the two meridians 
will be found co be 25 gr.17 mv. and Pe 
the height of che pole aboue the plane | Declinatroſ2g 2 
co be 20 gr.5o m, and de the diſtance |/yclinatio|75 peo 
of the rabfl/lar from che meridian a- |D:ff.meri.|83 36 
bour 9 gr. 32 m. dif, (nb 2 

Laſthheving tound the —_—_ ofthe "jb Ra = 
pole aboue the plane, and gathered che | | 
angles at the pole, che arks ot the plane | ZE Ang. Po. jArcVia 
from che ſubſtylar co che houre-lincs |= G7 xFC[GT 
will be as in this table. arts WER ans 6" Gt 

This dene, it we conſider how the whe od 5] 
lines doe fall in the ftundamencall dia- _ 4s hd $4 hc! 
gram, we may there ſec how the North Þ Ls , A - 4 | 
pole is cleuated aboue the lower face, ' | 
& the South pole aboue the vpper tace 


1225 19] 9:32 


| 320-3 I 
of the plane, and accordingly make | nts vat 
choice of a center,draw the horizontall, | , 4 43! 1.40 
y meridian, the ſubſtylar,& the hourc- | 3/19 43. 7 6 
lines, and ſet vp the ſtyle as in the other 4134 4313 50 
planes. { 5/49 43,22 46 

A third example of « Plane inclining 6164 43137 | 
to the Seuthward. + | 7 79 43152 58 


If in ourlatitude a plane were pro- 
Ed poſed 
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poſed declining from the vercticall 24 gr,20 99as before, bur 
mclining to the horizon 14 gr.20 &.Sourhward, the vpper 
face being open to the Norchealt, the lower to che Souch- 
welt, this plane ſhall be here repreſented by the circle BXD 
croſling the meridian in the point f berweene the equator 
and the horizon, and the proper meridian of this plane by 
the perpendiculararke Pg let downe from the pole to che 
plane,neare che houre ot 11, ar the North part of the hort- 
zon, as may partly appearc by the neareſt extent of the com- 
palles, 

Then in the triangle BSf, knowing the ſide BS che cople- 
ment of the declination,with the angle of inclination to the 
horizon at B,and the right angle at S,we may find Sf che ak 
of the meridian betweene the horizon andrhe plane 10 5c 
13 gr.6 m. Andtheretore Pf the arke of the meridian vec- 
rweenethe pole and: the plane tothe _...-- 
Southward 115 gr.24 m. but 64 gr.36 m, |O*c{matio24 20 
to the Northward , the angle BfS or |{nclnatw/14 20. 
Df/Sottneinchnacion of theplane to diff. merid,13 #7 
the meridian, vall be found $4 gr. 9m; & dſt Subſty,1 2 8 
Bf or Df che arke ot che plane berween Alr, S1y1.164 of 
the honzon & the merivian 66 gr,20 m5, | 

Again, im che rrianple Pg f knowin = 
the tide Pf phe arke of che meridian be- j31Y 
rweene the pole andthe plane, with rhe | 6/76 33/75 6 
angle of 1:chnawug ro the meridian at f, 7101 33159 $6 
and the 11;7ht angle at g,the angle f/g of | 5.46 33/43 30 
the inclination ot the ewomeridians wil | 9,31 3328 55, 
be toundto be 13 er.27 m. and Pg the ,10.10 33,14 58, 
height of the pole aboue the plane, a- [11] 1 33] 8 25! 
bour 64gr, and fg the dittance of the (Aertd Swbjt;1\ 
ſubſtylar trom themeridian 12 gr. $m. 1213 2712 $, 

Hauing found the height of the pole 1,28 27/25 57 
abouc theplane, and garhered the an-= | 243 27149 23 
gles at the pole, the arkes of the plane 358 27(55 38 
trom the ſubſtlylar ro the hourc-lines 4:73 27/71 41 
1:11 be tound as 1: this table, 58S 2700 15) 

| This Es 


> PEFENDES, hs | 
Ang,Po'arc,Þl FT 
Or, M. |Gr, NM. 


—  —_  —_— 


The deſcription of the Tropiqu?s. 141 


Th1s done, if we conſider how the lines do fall in the funds 
menrall diagram, we may there ſee how the North pole is cle- 
uated aboue the ypper face, and the South pole avoue the 
lower face of this plane,and accordingly make choice of che 
center,draiv the horizontall, che meridian ,the ſubRtylar,and 
the houre-lines,and ſet vp the ſtyle as in the ſormer planes, 


CHAP. XI 
To deſcribe the Tropiques and other circles of de- 


clination in an equino&iall Plane. 


Vech circles as are parallel ro the equinoGQuall,and yet tall 

within the tropiques, may be deſcribed on any plane by 
help of thc(e lines ot proporcion,bur atter a ditterenc maner, 
according as the ſtyle thall be eccher perpendicular, or parallel 
to che plane, orcur the plane with oblique angles, ; 

In an equinoctiall plane where the > 5f1 1s perpendicular 
tw the plane, the trop'ques and 0thor circles of declination. 
wili be periet excles: wiacrctorc convtder the lengul o! whe 
ſtyle in inches and parts, and the dechuarton of the circle 
hich you imtend to duferibe tn degrees 41d iunutes, the 
proporun will hoid, 

As the CI ICAT 0; 45 ay, 
ro the lettvth ot rhe ifty1c; 

Sv the cotangent of the paiallel!, 
to theſenuadlamernr vil Corilc. 


Suppole the lenath of the ſtyle aboue tlie plane to be 
Io 1s, and that it were required to tinde the ſeindianec- 
tcrot the tropique, whote declination 1s knowne to be 23 7. 
3O 78: _—_ the coinpatles trom the tangeinr of 45 27, vato 


the tangent of 66 gr, 30 m8, the lame extent will 1cach in the 


line of numbers trom x0 vnto 23, which ſhewes the femt- 
diamerer ot the tropiqueto be 23 inches, $9 it the declina- 
tion be 20 gr, tlic ſcnudianmeter will be 27 inches 47.cer2; zt 

13 I 
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15 gr. then 37.324 if 10 gr. then 56.71; if 5 gr, then 114,30; 
and ſon the reſt. 

Or if it were required to. proportion the ſtyle to the. 
planc, 


As the tangent of 45 pre 
tothe tangent of the declination: 
So the {emidiameter of the planc, 
rothe length of the ſtyle, 


As if the ſemidiameter of the greateſt parallell vpon the 
plane were bur ſix inches, and . a6 paralle]| ſhould be the 
fift degree of declination : «extend the compatles from the 
tangent of 45 gr. vnto the tangent of 5 gr. the ſame extent 
wal reach in the linc of numbers from 6.00 vnto about o.g3, 

which 


\ | Pſcag 
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which ſhewes that the length of the ſtyle muſt be 53 parts of 


an inch diuided into 100; then the length of the ſtyle being 


 knowne, the ſemidiameter of the other circles will be found 


as before, 

I begin here with che fift parallell, and thence proceed 
vato the tropique,becauſe the ſhadow of the reſt neare the 
equino&tal, would be ouerlong,and the equinoial! ir ſelfe 
cannot be deſcribed . The parallels of North declination 
are to be ſet en the North face, and the parallels of Souch de- 
clination on the South tace of theplane. Neither need theſe 
parallels to be drawne in full circles, but onely tothe hori- 
zontall line,which ſhall be deſcribed in Cap.xviij. 

Hauing by cheſe meanes ſet vp the ſtyle to his rue height, 
and drawne the circles of declination , if we ſhall place che 
plane ſo as it ſhall make an angle wich che horizon equall to 
the coplement of the latitude,and then turne ic vail che rop 
of the ſtyle caſt the ſhadow vpon the parallell of declination 
belonging toy time,the meridian of the plane will ſhew the 
meridian of the place, and ihe ſhadovw of the ftyle the houre 
of the day,without the help of a magneticall needle, 


CHAP. XIL 


To deſcribe the Tropiques and other circles of de- 


clination in a polar plane. 


N all polar planes, whether thg be parallel co che meridian 
] or to the circle of the houre of 6, or otherwile declining , 
the equinoQiall will be a right line, bur che tropiques and 
other circles of declination wil be fetions hyperbolicall, and 
be chas deſcribed. E 

Conſider the 1-ngth of the ſtyle ,. the declination of the 
parallell, and the angte ar the pole berweene the ſubſtylar 
and the huure-line, whereon you meane to deſcribe the pa- 


lell. 
ralle] IC 


4 
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: ſe you would tind where the parallels doe crolle the fab- 
y1ar; 
As the tangent of 45 gr, 
ro the cangent of declination: 


So isthe length of the ſtyle, 
to the diltance of the parallel from the ecquinoGtall, 


a 


— 


As in the example of the polar plane, where the length 
ot the {tvle B C was found to be 1 inch 61 cone. if you de- 
ire to know the diſtance berweene the equinoGtiall and che 
rropigqne vpon the ſubſtylar linc:exrend che compalles trom 
the exngent of 45 gy; vnto the tangent of 23 gr. 3o w. the 
(une extent will reach in the line of numbers trom 1.6 x 
vnto 0.79; and therefore the diſtance required 15 70 part» 
of an inch dinided into 100, The like reaſon holdeth tor 
all other parallels of declination crolling the \nbſRylar, 

But if yon would finde where the parallels doe crolle any 
other of the houre-lines, firſt find the diſtance betweene 
the axis of the ſtyle and the houre-line, then the diſtance 
betweene the equinoctiall and the parallel}, boch thele may 
be repreſented in this maner, 

On the center B and any ſemidiameter B D deſcribe an 


occult arke of a circle, and therein deſcribe a chord of 23 gr. 
30 7. 


and circles of declination. 
z0m.from D vnto T, with 
{uch other intermediate de- 
clinations as you intend to 
deſcribe on the plane, ſo the 
line B D ſhall be the equa- 
cor, and BT the tropique, 
and the other intermediate 
lines the lines of declina- 
tion, 

T hat done,conſider your 
plane, which for example 
may be either the meridian 
or y declining polar plane, 
wherein hauing drawne 
both the equator, and che 
houre-lines as before , firlt 
take out the height of the 
ſylo, and prick that downe 
in this equator from B vnto 
C; then take out all the di- 
ſtances, betweeneB the to _" 
of the ſtyle andthe ſcucrall F / { / T 

oints wherein the houre- 
Lines doe crolle the equator, 
transfer them into this equator B D from the center B, and 
at the termes of theſe Mikes cre lines perpendicular to 
the equator,crolling the lines of declination,and note them 
with the number of the houre froin whence they were ta- 
ken:ſo theſe perpendicul]ars thal repreſcnt thoſe houre-lines, 
and the ſcuerall diſtances between the cquator and the lines 
ofdeclination,ſhall giue the like diſtances between the equa- 
cor and the parallels of declination vpon your plane . Vpon 
this ground followeth, 
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" 
© 26 F 
Wes + To fitd the diſtance between the axis 
: 158 and the houre-lines. 
» 0% 
nv As the cofine of the honre from the ſfubſtylar, 
#> ' 15to the ſine of go &. 
KI So the length of che ityle, 
Om to the diltance berween che axis and che hourc-line, 
/ Vw 
TL 
F*, ; 
*$" x 
A's. 
"W--. 
! iſ 
39 + 
$4: 
) 1 
-,* .- 
is ; 
wh: 
Let 
> 
"ug | | a rain 
"ok _ 
£28 As.ifin the former example of the, meridian plane,where 
* 2 0 , F . D A 
S- -. B C the height of the ſtyle 1s ſuppoſed to be 10 inches, it 
j; iN | were _—_— ro find the diſtance between B he top of the 
 , | ftyle and the poine wherein the houre of 2x in the morning 
A". { d.h croſle the , Hi; vn is here repreſented by Bg,be- 
"* ap caulc x 15the fift howre from the ſubſtylar, whoſe angle ar 
* 9 che. 
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the pole is75 g7-Extend the compaſlesfrom the ſineof 15 gr. 
che complement of the fift houre from the ſubiiylar, vnto 
the ſine of 90 gr, the ſame extent wil reach from 10.co in the 
line af numbers ynto 36.648 and thereforethe diſtance B 5 

between the axis and che huure-linezis 38 inches & 64 ceve. 

and may be called the ſecant of the houre, Then in the rc- 

Qangle Bs T, hauing the fide B 5,andthe angle of declina- 
tion at B. 


To finae the diſtance betweene the equincetiall \| 
and the parallel. 1 | 


As thetangent of 45 gr. | 
to thetangent of the declination: 

So the diſtance berweene the axis and che houre-line, 
tochediſtance beriyeen che equinoctiall and che parallel]. 


b, 
' 
Extend the compalles from the tangent of 45 gr.vnto the | 
tangent of 23 gr.3o m.the declinario of the rrop1que,fo'the ; 
{ancextent will reach in che 1ine of numbers from 38 64,the 


— 


diſtance between the axis and the htc houre-luie vnco 16.80; | 
and therefore thre diſtance 1s 16 inches and 80 ccnr,, Thi like 
reaſon holdeth for all thereſt, which may be pathcred and 
ſer downe in ſuch a Table as this which tollowerl, 

Wherein I hane ſer downe theſe diſtances tor jener:l] de- , 
clinations, for 11 gr.zo m.for 16 gr.55 ms. tor 2007 12m, for | 
21gr 41 wv. and tor the declination of the Tropique 23 gr, 


30 w. which may be applicd to the like dechnativns 1n all 
meridian and dirc& polar plancs, 
As in the former example of the polar plane, where B C 
the hetght of the {tyle 15tound to be 1 1mch 61 cent. it it were Do 
required to find the diſtance berweene B the top of the ityle & 


and the points wherein the houre-lines of 7 in the morning 
or 5 after noon,do croſſe the equator (which diſtaiices, I cal- 
icd che ſecants ot thoſc houres,) ether you may extend che 
compatles from the line of 15 gr. the complement of rhe 
loure trom the {ubitylar ynro che line of go gr. tothe ſame 
C 2 extent m4 

f 
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excent wil reach in the line of numbers from 1.61 the length 
of the ſtyle, vnto6 21, accoruing to the former Canon, Or 
elſe you may make vſe of the former Table, excending the 
compatl.s in che line of numbers from 10.00 the length of 
the ſtyle in the Table,vato 2.61 the lengrh ot che ſtyle be- 
longing to your plane, ſo rh. ſame extent ſhall reach from 
trom 38.64 chctecant in the Table, vnto 6.21, and ſuch is 
your {ecatit required, the diſtance betweene the rop of the 


ſty! iE 
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ſtyle andthe point of interſection, wherein the fift houre” 
line from the ſubſtylar doth crotſe the equaror. 

Again,the ſame extent will reach irom 16.80 the diſtance 
in the Table belonging to the fiir hour?-line herweene the 
equator and ths paralle]] of 23 £r.30 m.declinatio'1, vato 2.70 
tor che like diſtance vpon your plane; and fo ror the r<it, 
which may be gathered and fer downe in a Table. 

That done, and the equa- | 
ror drawne as betorc, it you 'T Ao, Paſ Tan; [Sec wi{ Irop, 
would draw the tropiques in 2 Grſt P.ln, P.[\n 1 
che polar plane, vols into [1; | o ſo Fe: 2: C1]2 750 
che Table, and take 70 remr. |, 115 fo 4311 63] 72 
our of the linc of inches,and 10 239 0o 931 8510 80 
pricke them downe in che 9 343 Ol 6112 2710 « 
ſubſtylar on either fide ofthe | 4'60 nj Ihe 5 22/1 46 


equator, and {o 72 cent, ON 7 5:75 o5 _ 212 7c 
the firſt houre,and 8 on the Df ew og 
ſecond hourezand 2 :nches 70 cent.on the fitt houre from che 
{ubitylar, and the reſt of theſe diſtances on their {euerall 
hourc-1mes, and chen draw a crooked line through all theſe 
points, fo asit makes noanples, the line 1odrawne ſhall 
be che Tropique required, [n like mancr you may draw atty 


othcr parallel! of d:clnation. 


CRAP AF 


To deſcribe the Troprques an other circles of 
declination in ſuch a Plane as ts neither 
equmoctall nor polar, 


N Planes neither equinoAaall nor polar, the equator will 
be aright line, the rropiques and other parallels of dech- 
nation will be conicall ſe&1ons, ſome of cþem parabolicall, 

ſome cllipricall, bur the molt of them: hyperbolicall, 
To finde the points of interſection ot thele parallels with 
the houre-lnes, wee arc to conſider, firit r!.c Jengel: of the 
rt 2 aXx1£ 
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axis of the ſtyle in inches and parts of inches ; ſecondly che 
height of the (tyle aboue the planezthirdly the angles at the 
pole betweene the proper meridian and the houre-circles. 
Theſe berng knowne, will help vsto tind,firit the angle be- 
rweene the axis and the hourc-lines on the plane z and then 
the diftance berween the center andthe parallels: both theſe 
may be repreſented in this maner, 


. — — CT AD<W=———— —_— EY 


I et the triangle A BC be made equal to the ſtyle belonging 
co your planc, A C the ſubſtylar,B C the axis of the ſtyle, AB 
che length of the ſtyle perpendicular to the plane. Then ha- 
uing drawn the line BD'perpedicular to the axis on the cecer 
B,& any ſemidiameter B D deſcribe an occulr ark of a circle, 
and therein inſcribe a chord of 23 gr.3o w.tromDvnto T,on 
either ide of the line, with ſuch other intermediate declina- 
tions as you intend to deſcribe on the plane, ſo the perpen- 

dicular 
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dicular B D ſhall be rhe equator, and BT the tropiques, and 
the other intermediate lines che parallels of declination, 
Wherefore you may take out the diſtance CY trom the cen- 
rer to the equator, and pricke it downe on the ſubſlylar of 
your plane trom che c:nicr ac C vnto Y,fo the line drawne 
chrough Y perpendicular co your ſub{tylar,ſhal be the cqua- 
tar of your plane, 

That done,take the diſtance of cach hourc-line betwecene 
the center and che equator of your plane, and pricke chem 
downe 1n the equator of chis figure,trom che center at C,no- 
ring the place,where they crolſe the cauator, with the num- 
ber belonging ro the houre, and drawing the houre-lines 
from C through che lines of declina: ion, 

Or hauing the Sefor you may draw an occult line C F 
perpendicular tothe axisBC, and therein pricke downe the 
cangenr of the height of che ſtyle aboue the plane, irom C 
vnto E,Then draw che line E F parallel] ro the ax1s, crolling 
the ſubſtylar produocd in the point F, this l1:ie EF will be 
the line ot (ines vpon the Seftor, and therein you may pricke 
downethc lines of the complement of the anples at the pole 
from E toward F, anddraw the houre-lines by thole pornts 
throuph the lines of declination, ſo the angles at C berween 
theax!s B C and thote hourc-)ines, ſhall be the angies be- 
tiweenc th:;c axis of your ſtyle and tlie hourc-lines on your 
plane, anJ che {everall ditances betrweene the point C and 
che lines of dechination, {hall give you the lixe diftances be- 
riweene the center, and che paraliels of dechinaton vpon the 
hour.-lines 11 your plane, Vpon this ground it jviloweth, 


1 To propcriion the flyle unto the plane. 


Confider che height of the ftyle abouec che plane, and the 
length ot che ſubſtylar becweene the center and the place 
winch you intend tor the tropique., It it be the rropique 
which 35 tarchett trom che center,adde 113 gr. 30m:it the nea- 
rer tropique,adde 66 gr. 30m.vnto the height of the ſtyle, tho 


remainder vato 180gr.jhall ge you the altitude ot the Sun 
abous 
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aboue the plane when he commeth co that rropique, As in 
our lacirude the height of the ſtyle abou; an horizoneall 
plane is 5 __ zo m.addcvnto this 113 g1.30 w. theſumme 
1s 165 gr.which _—_ taken our ot 180 gr .the remainder wil 
be r5 gr.and ſuch is the altitude ot the Sun aboue this plane 
when he commeth to be in the Winter rropique: bur it you 
adde 66 gr.zo m, vnto gl gr.zo m. the remainder to 180 
will be 62 gr. And ſuch is che altitude of the Sunne in q 
Summer Tropique. Then 
As the line of 66 gr. 30 m, 
rothe ſ1ne of the Sunnes altitude: 
So the length of the ſubſtylar line, 
to the length of the axis of the ſtyle. 


C 
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As in the frſt cxar pl. -f the declining verticall , Where 
the height of the ſtylc was found to be 3427.33 w. and 1s 
here 5 4026049 betore pag 150. by theanvle BC'S z adde 
eo this height 113 gr. 30 m. tor theanole CB S, the ſum wil 
be 148 gr. 3 w.mdrhe remainderto 180 gr.wil be 31 gr.57 mm. 
and ſuch 15 the angle Þ 5 C of the aleirud: of the Sun aboue 
the plane, when he cometh co be in the tropique of 5, which 
15 here the farcheſt tropique from; the center. 


Then ſuppoſing the length of che ſubſtylar line between 


che center and che place which 15 ft for the tarcheſt -ropique 
to be abour 21 #6 extend the compatles trom the line 
of 66 gr. 30m. vrto the line of 31 0r.57 m, the ſame extent 
will reach in chel:ne ot numbers trom 21 vnto 12.11,and ſo 
chelength of the axisof the ſtyle ſhould be 12 inch.11 cent, 
Or it may ſujhice ro make'1t jutt r2. inches, as a wore eaſie 
ground tor che reſt of the worke. 
Bur if it were required to proportion the ſtyle ynro the 
lanc,fo as 1t may calt cheſhadow ro the tul Iegth of che ſub+ 
ylar line at all cim1es of the yeare, you may then conlider 
the Sunne in the rropique, whuch 15to be [et nearcit vnro 
the center, and adde 66 gr. 30m.vnto 347.33 m. lorthe rc- 
mainder vnto 180 gr. will be 78 gr.57 m. And it you extend 
the compalles from the fine ot 66 gr.30 m. vnto the lite vt 
78 gr.57 m. the ſame extent willreach in che line 0! num vers 
trom 21 vnto 22.47 forthe lenoth of the ax's ot tize fl yle, 


2 Hauing the length of the axis,andthe height of the ſtyle 
abone the plane, to jind the length of the 


ſides of the ſtyle. 


The ityle of a plane nenther equinectall nor polar, way 
be cicher a {mall rod of 1on fer paralic!] co tie axts of the 
world, or perper:dicu}ar ro the plane, or citea thin place of 
jron or bratſe made 1n torme ofa reangletrianole & AC, 
with the baſe BC parallel] ro the axis ot che world, the de 
A B perpendiculat a the planc,& ihe hide AC the faine with 
che (ubſtylar line, where knowing &Candthe anvle Ae; 
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As the line of 90 or. 
tro the length of rhe axis: 
So the {inc of the height of the ſtyle, 
co the length of the perpendicular lide: 
And to the coline of the height of the ſtyle, 
ro the length of the ſubſtylar fide, 


Thusin the former example, rhe length of the axis being 
ſuppoled to be 12 inches, and che height of che ſtyle 34 gr. 
33 m. Extend the compalles from the ſine of go gr.(or clic 
from the linc of 5 gr.45 m.)vnto 12 in the line of numbers, 
the ſame extent will reach from the line of 34 gr.33 m. vnto 
6.80 in the linc of numbers for the length of che perpendi- 
cular (ide, and from the line of 55 gr.27 m,vnto 9.88 tor the 
length of the ſubſtylar ſide, ; 


3 To find the diſtance betreen the center andthe equator 
upon the ſubſtylar line. 


This is here repreſented by CY, and may be found by re- 
ſoluing the rectangle triangle C BY, 


As the coſine of the height of the tyle, 
isto the line of go gr. 
So the length ot the axis, 
ro the di'tance of the cquacur from the centet, 


Extend the compatlles from the fine of 55 gr. 27 m.vnto 
the linc of go gy, rhe ſane extent will reach 1m che line of 
numberstrom 12 vnto 14.57. Whereforc if you take 14 #wch. 
57 cent.and pricking them down on your {ubſtylarline fro C 
vnro Y,draw a line through Y,crofling the ſubſtylar at right 
anples, the line ſo drawne ſhall be the cquaror, 


4 To find the _ contained between the 8quator 
and the howre-lines vpon your plane. 


Theſc angles made by B Y and the houre-lines, are com- 
plement-« 


——— — 
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lements of thoſe which arc ar C,betweene BC the axis and 
choſe ſcuerall hourc-lines, and depend vpon the angles at 
the pole, berween the proper meridian and the hourc-grcles. 


As the line of 90 gr. 
to thecoline of theangle at the pole: 
So the cotangenr ot the height of the ſtyle, 
ro the tangent of the angle between the equator and 
the houreline. 


In ourexample the height of the ſtyle is34 gr.33 m. and 
the proper mer:d' 11 fallecl: ro be the fame with the circle of 
the ſecond houre 1trer noone, whereupon che angle at the 
pole, berweene this proper meridian, and the circles of the 
houre of 1 01 the onelide,and 3 ON the other (14c,uvil be IS 
gr; lo ber. ecn this meridian and the hourc-circles of 12 and 
4,che angle will be 30 gr. &c. as in the Table. 


— 
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cl55 27,14 $720 SOIT 21 
I 375 o 8 3d[54 30 14 7421 3611 25 

8/51 3ols 3323 4411 qo. 
45 ©29 33145 4516 75 29 0611 76 
G60 044 30936 020 co50 $412 77, 
75 0/64 42/20 36 34 10 Infin. 15 $2) 
900 090 0, ©:: 0 Infinite, 27 60, 
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If chcn it be required ro find che angle, which rhe houre- 
line of 4 atter noone doth make with the plane of the equa- 
cor, that 1s the angle C 4 B contained bertrveene the hourc- 
line C 4 and the line Þ 4, drawvne from the top ot che {tyle 
vnrothic inter{e&t10 ofthe houre-line ot 4 with the equarer. 

Exrend the compatics THOLY che line of YO gr.vnro the line 
of 60 gr. the complenent ot the angle at the pole, the ſame 
extcrit wil reach trom che cangent of 55 graz7 m.the comple- 
ment of the hc1ghr ot the polezvnco the tanget ot 51 gr.30 " 
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and ſuch is the angle C 4 B in the diagrain Peg.Igo. 

Or in croile-worke, 1t it were required to finde the angle 
C 9 B,lovkeinrothe Table for the houre of 9, and there 
you (hall find the angle at che pole to be 75 gr,and if you ex- 
rend the compalles trom the inc of 90 gr vnto the tanyenct 
of 55 gr.27 m. the ſame cxrent will reach from the ſine of 15 
gr.the complement of 75 gr.vnto che cangent of 20 gr.36 m. 
and ſuch 1s the angle Cg B,made ar the equaror betweene 
the linc B 9g drawne trom the cop of the {tyle,and the houre- 
line C 9 drawne from the center. The like reaſon holderh 
for the rcſt,which may be found and (cr downe in a table: 
then may you cither draw theſeangles at C in the former fi- 
gure more perteftly, and thence fhiniſh your worke, or clic 
procced 


5 To find the diſlance betweewe the center and the paral- 
els of declination. 


The diſtances betweene the center and the parallels of de- 
cliuation, may be tound by refoluing the triangles made by 
the axis BC,the lines of dechnation,and the houre-lines. Fo: 
hauing the angles atche equacor, and knowing the declina- 
tion of the paralle]}, if the parall:1l ſhall tall beeweene the e- 
quator and the center, adde the declination vnto the angle 
at the equator; or it ir ſhall tall w:rhour che equator, rake the 
dec|marion our of the ang'e ut the cquaror,lo ſhall you haue 
the augle at che paralicii, Then 


As the line ot the angle arche parallell, 
co tite coline of the declination: 
Sorthe length oi the ax15 of the ſtyle, 
ro the diſtance berween the center and the paralleil, 


Thus:n our example, the anglc at che equator belonging 
eo the houre of 4 after noone, was found betore to be 51 gr. 
zom: it you would find the diſtance between the center aud 
the cquator,cxrend the compalles fro the line of 51 gr.zom. 
vnto 
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ynto the ſinc of gogr. the complement of the declinations 
the ſame extent will reach in r-:e line of numbers, from 12 
vnro 15.33, and {uch 15:the © {tance vpon the houre-line 
of 4 between che center avd clic equator, 

It you would findc the dittance vpon this houre-line, be- 
eween the ccnter and the inner rropique, whoſe declination 
i5knownertabe2 3 gr.30 mm. adde 4 declination to the an- 
gle at the equator, fo the angle ar che parallell wil be 75 gr. 
whercfore extend the conpalles from the line of 75 gr. vnro 
the line of 66 gr.zom. the complement of che declinition, 
rhe ſame extent will reach in the line of numbers, trom 1 2 
vnto 11.40, and ſuch is the length of che houre-l:nc of 4 
berweene the center and the cropique of W. 

Ir you would hnde the diſtance vpon chis houre-line be- 
eiveen this center and the tropique of 25, which 15 here the 
tarcheſt trom che cnt r,take the declination our of the angle 
arthe cquator, fo the angle at che parallel] wilt be 28 gr. 
wherctore extend the compalles trom che ſine of 28 gr, vnto 
the line of 66 gr. zo. the ſame extent will rexci m the line 
of numbers, trom 12 vnto 23.44,and ſuch 1s th diltance be- 
twecns the center and the tropique of & vpor this houre- 
linev! 4. The like rceaton holder tor all che reit, whuch may 
be gathered and fer Gowne in a table, 

Thar gone ana he equa or tiaw'1e as betore,it you wonld 
draw the tropique ot 53, look -mnto thetaule, and there fins 
dingy vndcr the rile © & tle diitance 0: the fubitylar be- 
ewecn the centur and the parallel of 5 to be 20 inch,go cent. 
take 201jnacl;.8o cert. cur of the liv of inchegand price them 
downe im the tubt! lar of your plave trom Cvnio 2. 

Or it eicher the center tall without your plane,or the ex- 
tent be too large tor Y QUT compatles, you ay Prickec downe 
the ditference betweene C'y and C <. As here the cuttance 
CY berween the center & the cquator 15 14.57, the diſtance 
C S 26.80,the diticiEce 6,2 3,rhertore raking 6 inch,23 cents 
pricke them downe on the ſubſlylartrom Y ynro S,and you 
thall haue the ſame interſection of the rropique and che 1ub- 
ſtvlarzas bctore;& the hike reaſon holdeth tor pricking down 
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of the reſt of theſe arſtances on their ſeuerall houre-lines. 
Then having the points of inter{ſe&tion berweene the 
houre-lines and the parallell, you may 1oynethem all mm a 
crooked line without making of any angles, the line ſo 
drawnc ſhall be the tropique required, And after this maner 
may you draw any other parallcll of declination , whereof 


you hauc cxamples in the moſt of the former Diagrams, 


CHA?P. XI1+1, 


To deſcribe the parallels of the Signes in any 
of the former Planes. 


The equator and the tropiqucs before deſcribed, do ſhew 
che Suns entrance into 4 of the S1gnes,the equator into 
Y and =, the one tropique into $,and the other into w, the 
reſt ot the intermediate Signes will be deſcribed in the ſame 
maner as the tropiques, it firſt we know their declination. 
The maner ot finding the declination not onecly of the 
beginning of the Signes, bur of all other points of the eclip- 
r1que,is before ſet downe in 2.Prop. Aſtrouemicall,pag.52. by 
which you may finde the declination of the beginning of &, 
m,",andx to be11gr,zom.andotil,n,f and >to be 20gr. 

127. It then you inſcribe the chords of 11 gr.z0 m7. and of 
20 gr.12 m.into the tormer figure B DT Pag.145. trom D 
roward 7, the lines drawne trom B through the tcrmes of 
thote chords ſhall be the Signes required, 

And with cheſe declinations,the heighe of the ſtyle,and the 
length of the axis,you may fhindethe angles at rhe parallel], 
and then the diſtances berwecn the centcr and the parallell, 
which being-pricked downe vpon their ſcucrallhoure-lines 
ſhail gue you the points of inter{ection, by which you may 
draw the paralle]sof the Signes, as in the figures belonging 
to the polar plancs, 


CHAP. 


and parallels of the length of the day. Is9 Y | 


CRAP AV. 


To deſcribe the parallels of the len?th of the day 
in any of the former Planes. 


He length of the day will alwaycs be 12 houres long 

when the Sunne comerh to be in che equaror, and this 
holdeth in all latirudes; bur ac orher times et the yeare the 
ſame place of the Sunne, wil not give thetſame lcengch of the 
day in another laticrude;whereforc the latitude being known) 
we arc firit 


To find the declination of the Sunne aorecing to the 
length of the day. 


Conlider the difference betywcene the lenoch of an cqui- 
nottiall day and the day propoſed, and turne the cume unto 
deprees and minutes, 


As the ſine of go gr. 

15to the fine ot halfe the di:Fere:1cc; 
So the cotangent of the latitude, 

co the tangent of the declinacion, 


As if the length of che day propoſed were 15 houres, the 
difference berweene this and an cquinoCtiall day ( whoſe 
length is alwayes 12 hourcs) would be chree houres, which 
mals 45 gr.and the halfe difference 1s 2 297. 30 m: wheretore 
extend the compatles from the linc of go 2r. vato the tans 
genr of 38 gr,zo m,the complement of che laritudethe ſaing 
excent wilreach from che ſmeot'22 or.30 m,vnco the rangene 
ot 16 gr.55 m, forthe declination ot the Sunne ar ſuch rime 
asthelengch of the day is either 9 or 15 houres 5 and trom 
the ine of 3o gr.vato the rangenc of 21 gr.40 mp. for che dc- 
clination belonging to 8 or 16 houres, and trom che line of 

__ 
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15 gr.vnto the tangenr of 11 gr.38 m.for the declination be- 
longing to 19 or 14 houres, and trom the ſine of 7 gr. 30. 
vntothe tangent of 5 gr. 56 m.for the declination of the Sun 
when the lengrh of the day 1s either 11 or 13 hovres. 

It then you ſcribe the chords ot theſe arks into the for- 
mer figure B D7, the lines drawne trom B through the 
termes of theſe arks,ſhall be the lines belonging to the diur- 
nall arkes, and chic ſeuerall diſtances betweene thein and 
the point C gue the like diſtances berweene the center and 
che parallels ofthe lengrli of che day vpon the houre-lines 
in your plane, 

Or comparing theſe angles of declination with the angles 
at the cquator,you may haue the angles at the parallell, and 
then find che diftances berween the center and the parallel], 
which being pricked downe vpon the (cucrall houre-lines, 

ſhall 
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ſhall gue you the points of interſeion, by which you may 
draw the parallels of the length of the day,whe. cot you haue 
another example in the diagram belonging to an horizontal 
plane, pag.tog. And by the ſame reaſon you may draw the 
parallels of thoſe circles ro which the Sunne 1s verricall, the 
parallels of the principall feaſts, or wha: clic depends on the 
declination of the Sunne. 


, . 
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The ſcription of the old 
CHAP, XVI. 


To draw the old onequall houres in the 
former Planes. 


T was the maner of che Ancients to divide the day into 
twelue equall houres, and the night into twelue other e- 
ual houres,and ſn the whole day and night into 24 houres, 
f rheſe 24;thoſe which belonged vnro the day,were either 
lenger or ſhorter (excepting the two equinoQaal dayes)then 
thoſe which belonged vnco the night; and che Summer 
houres alwayes longer then che houres in che Wintergaccor- 
ding to the lengthenin? of the dayes, whereupon they are 
called the old vnequall (and by ſome the Plancrary)houres, 
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To exprelſTthelſe in the former Planes : firſt draw the 


common houre-lines, the equator, and the tropjques,as be- 
fore : then deſcribe two occult parallels of the length of the 
day, one for 9 houres, the other for 15 houres;for ſo you may 
draw a ſtreight line for the firſt vnequall houre through 5 he. . 

».in the parallell of 15, andchrough $ bo, 5 win the pa- 4 
rallel of 9, This ſtreight line ſhal patle direQly through x ho, 
o m.in the equator, and {© cut off a twelfth part of the arks 
abouec the horizon, both from cheſe two parallels and the e- 
quator: and being continued ynto the tropiques,it ſhall alſo 
cut off about a tweltch part from them, and all che reſt of 
the parallels of declination,without any ſenſible error. 

In like maner may you draw the ſecond ynequall houre 
through 7 ho.in che parallell of 15,chrough 8 bo.in the equa- 
tor,and through 9 ho.in the parallell of 9, and ſo in the reſt, 


as in this Table. 
DIY nas, 
a jo. M Ho|Ho. M 
oO | 4 30 6| 7 30 
1] 5 457 $ 15 
$1 7 01 $9: 0 
3] 8 15 p 9 45 
4| 9 3o|1of10 3o 
F [10 45111118 15 
6'z2 oſl2\12 © 
7| 1 15 0 0 45 
8| 2 30| 2 1 30 
1 3-40.53; 202 I 
F-42406 4 3 * 
11, 6 195] 5; 3 45 
12] 7 30] 6! 4. 301 
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And of theſe vnequall houres you haue a farther example 
in the'diagram belonging to the polar declining plane, Pag. 
I 30s 
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164 Houres from Sun riſing and Sun ſetting. 
CHAP. XVII. 


Todraw the houres from Sun riſing and ſun ſettins 
in the former Planes. 


© fon know how many houresare paftlince the Sun rifing, 
or how many remaine to the Sun ſettingy firſt draw * 
common houre-lines, the equator, and the tropiques, as be- 
fore: then deſcribe two occulc parallels of che length of the 
day,one for$ houres,and che other for 16 houres.For lo you 
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may drarv the firlt houre from the Sun rifino throu-h the 
common hourcsof 5 in the parallel ot 16, of in cho equa- 
cor, aid 0: 9 in ch pirallell ofS, In lxe mer the ſecond 
houre fro 1 $11 riling chrough che common houres of 6 in 
che parallell of 16, ot 8 1n che equror, andot1o in he pa- 
rallell of 8. And (o che reſt in cheir order. 

The firſt houre betore Sun ſecting, or the 23 houre from 
che lait Sun ferting, may be draivne in like fort through clre 
common hourcs of z atcer noone in che parillell of 8,ot 5 in 
the equator,u1of 7 in the parallellof 15. The ſecond houre 
before Sun fecting,orthe 22 houre attcr che [alt Sun letting 
through che common houres of 2 in che parallell of 8, of 4 
in che equator,and of 6 in the parallell ot 16. And lo the ret 
in the like order, whereof you haue another example in the 
Diagram belonging to the declining verticall, Pag.115, 


CHAP. XVIIL 


To draw the horizontall line m the 
former planes. 


He common houre-lines do commonly depend on the 
ſhado:v of the axis, bur the parallels ot che Signes, and 
of the length ot the day, the houre-lines trom Sun riling 
and Sun ſetting, with many others, dzpeud on.the ſhadow of 
the top of the ſtylc,or ſoine one poinr 11 the axis, which here 
ſignficeh the center of the world, and is repretented by che 
point B. And theſe lines ſo depending,are then only victul 
when they fall berweene the rwo tropiques, and within the 
horizon. 

There may be ſcuerall torizoncall lines drawne vpon e- 
wery plane, as I ſhewed before in finding the inclination of 2 
plane; bur che _ horizontall line which is here mceanr, 
mult always be in the ſame plane with ÞB che top of che ityle; 


ſothat in an horizoncall planc there can be no ſuch hor!» 
+ zoncall 


166 To draw the horizentall line. 


zontall line, burtin all other planes it may bc found by ap- 
plying the horizontall leg of the Seftor vnto the top ot the 
ſtyle, and then working as betore z and the interſetion of 
this line with the meridian or ſubſtylar line, may be found 
by proportion, 


1 Tofind the interſefticn of the horiz.on withthe 
meridiann an equinottill plane. 


As rhe tangent of 45 gr. 
to the rangent of the latitude: 

Soisthe height of the Rtyle, (line. 
ro the diſtance between the (tyle and the horizontal 


As inthe example of the former equiuottiall plane, Pag. 
142. extend che compatlles trom the tangent ot 45 gry. vnto 
51 gr.30 m.the tangentot the lacirude, the fame extent will 
reach in the line of numbers, trom 52 the length of the ityle 
vnto 66, and ſuch is the diſtance betweene the ſtyle and the 
horizontall linezwheretore I cake 66 parts out of a 1uc of 1n- 
ches, and pricke them downe in the meridian line from C 
vnto H abouethe ſtyle in the vpper face, but below the ſtyle 
in the lower face ot the plane,lo a right line drawne through 
H,parallell co the houre ot 6,ſhall be che horizontall linc. 


2 To find the inter(etion of the horizon wuh the 
meridian,in 4 direct polar plane, 


As the tangent of 45 gy. 
ro the cotangent of the latitude: 
So the length of the ſtyle, 
co the dittance between the ſtyle & the hor1zonral line, 


As in the example of the former polar plane, Pag. 144.cx- 
cendthe compaſles from thetangent of 45 gr, vnto rangent 
of 38gr.3ow.the complement ot the latitude, the ſame ex- 


tent will reach in the line of numbers, trom 1.61 tþc lengel: 
a 
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of the ſtyle,vnto 1.28,and ſuch 15 the diſtance vpon the me- 
ridian berweene che (tyle and the horizontall line. 

In all vprighrt planes, whether they be dire vercicall, or 
declining,or meridian planes, the horizontal line muſt al- 
wayes be drawne through A the foor of the ſtyle, as may ap- 
peare in the examples before, Pag.102.107.116, 

And generally in all planes whatſocuer,the horizontal line 
muſt be drawne through rhe interſetion of the equator 
with rhe houre of 6. Or if that interſe&tion fall without the 
plane, yet if any arks of the length of the day be drawne on 
che plane,the horizoncall line may be drawne through their 
interſe tons, with the houres of the Suns riſing or ſertings 


CHAP. XIX. 


To deſcribe the wverticall circles in the 
former Planes. 


He vertical circles commonly called Azimuths,are great 

circles drawne through the zenith , by which we may 
know in whar parc of the heauen the Sunne is, how far from 
the Eaſt or Weſt, and how neare vnto the meridian. 

In all vpright planes, whether they be dirett verticals, or 
declining, or meridian planes, the ſemidiameter of the ho- 
rizon wil be the ſame with AB the perpendicular lide of the 
Ryle, and theſe Azinuchs will be parallels one to the other, 
and the diſtance of cach Azimuth,trom the foote of the ſtyle 
ypon the horizontall ine , may be found im this man- 
ner. 

Conſider the length of the ſtyle in inches and parts of in- 
ches, and the diſtance ofeach Azimuth trom the ſtyle,accor- 
ding to the angle arthe zenith in degrees and minutes. 


As the tingent of 4g 


co the rangent of the azinqueh: : 
0 
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So the length of the ſtyle, ; 
tothe length of the horizontall line between the ſtyle 
and the azinuth, 


- / a > 3: Wo 


LA 


As if it were required to draw tlie cemmon azimnths on 
the Sourh face of the vertieall plane betore deieribed, where 
ABchelcngrh of the ſtyle may be fuppoted co be 10 inches. 
Here the plane hauing no declination, the ſtyle is in the 
planc of Ts meridian, and fo pointeth directly to the 
Sourth.Thepoinr of $6 Z 1511 gr.15 m.ditla'ittiom the ſtyle, 
and SS E322 gr.zom. audchercit in their order ; wherctore 
extend the compaties from the tangent of 45 gr. vnto 10 in 
the line of numbers, the ſaine excent will rcach from The 

tangcne 


tangent of 11 gr.I5 w.vnto 1,99 In 
the line of numbers tor the length 
of the tangent line, berweene the 
ſtyle and the point $5 F, and from 
the tangent of 22g7.30 m.vnto 4.14 
tor SSE, and ſo tor the reſt, as in 
this Table. 

In hke maner 1 the firſt example 
of the declining plane , where the 
ſtyle ftandeth according to the de- 
clination 24 gr. 29 », diftant from 
the South word the Welt. The 
next poinrot S6W ;x but 13 pres wh 
diſtant from che ftvlczand theiccond 
ot SSW oncly 1 -r.50 m, and the 
third of SW6HS 1s avaine 9gr.25 m, 
and the reſt in their order. \WVhere- 
jorc hauing betore tound che length 
of the ſtyle ro be 6 inches 80 parts, 
extend the compattes trom the tan- 
gent of 45 gr. vnto 6.80 parts 111 
the line of numbers,the ſame extent 
wil reach trom the rangent of 24 gy. 
20 1, vnto 3.07 inthe linc of num- 
bers tor the length ot the tangent 
line berween the ſtyle & the South, 
and trom the tangent of 13 pr. 5 m, 
vnto 1.58 for the point of S6&1Y;and 
{o torthe reſt, asin this Table, 

That done, if you ak thele parts 
our ot a line of inchcs, and pricke 
them downe in the hor1zontall line 
on either fide of the ityle, drawing 
right lines pcrpendicular to che ho- 


pon arverticalt playe. 
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S6E[|rr I gy 
SSE'22 30, 4 14 
SEbS';3 45| 6 68 
SE 145 010 00 
SEbH 56 15.14 97 
FSE 67 30124 14 
'EbS\73 4550 27 
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'SEbL So 35.41 09 
'SE 69 2018 oz; 
SE8$58 510 v1 
SSE '36 50 7 25 
SbE '35 35 
South 24 20 3 
SbW 13 5 1 58 
$547: 1:50! & 22 
The foote of the ſtyl 
papa 9 2511 13 
SW 20 40, +47 
SWUIW 31 55, 4 2 
WIW4; 1oi 6 3 
WbhS 54 25' 9 50 


Weſt }65 qo15 02 
Wb N76 55'29 26 
W NW\38 19.1: 5 


rizon through theſe intertections,, but fo as they may þc 
contained betweene the horizoirall andthe cropiqucs, tl:. 
lines fo drawne {hall be the apminchs required. 
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In an horizontall plane theſe azimurhs are drawne more 
caſily. For here the perpendicular [ide of the ſtyle is the ſame 
with the axisot the 6% Kong and thefoote of the ſtyle 15 the 

*verticall point, in which all the azimuth lines doe meete as 
cheir circles do in the zenith: wherefore let any circle deſcri- 
bed on the center A,at the toote of the ſtyle, be diuided firit 
into foure parts, beginning at the meridian, andrhen each 

uarter ſubdiuided either into eight cquall parts, accor- 
dn g tothe points of the Mariners compallcor into 90 gr.ac- 
cording to the Aſtronomical diuiſion;if you draw right lines 
hewneh the center and theſe diuifions, the lines {o crawne 
thall be the azimuths requircd. 

In all other planes inclining to the horizon, theſe vertical 
circles will mcetc ina point, bur that verticall point being 
more or letſe diſtant.trom the foote of che ityle , the angle: 
at this point will be vacquall, 


I To find the diſtance between the foote of the ſiyle 
and the vertical! pornt, 


The verticali point wherein all the verticall lines do mect, 
ll be alwayes in the meridian, direftly vnder or ouer the 
top of the ityle; and the angle berweene the perpendicular 
lide ot theſtvle and che verticall lncywill be cquall roche 11- 
. lation ot the plane to the horizon, Wheretorc 


As the tangent 0! 45 gr. 
tothetanociut ot the 1nc!135moOn Of the plaiic: 
50 15 the length of the ftyic, | 
tothe diftance betweene the toqee of the ſtyle and 
the veiticall yon, 


[ſhus in the firit cxaple of the declining inclining planes, 
where the ypper face of the plane looking Southweſt, the 
declination was <, the m. the inclination 36 gr; and you 
may ſuppoule AB the length of the ſtyle ro be 6 inches : it 


ou extend the compalles from the rangept of 45 gr. vnto 
the 
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the cangent of 36 gr. theſame exrent will reach in the line 


ot numbers trom 6.00 vnto 4.36, tor the diſtance eA Y bc- 
ewezne A che toote of che ſtyle and V rhe verticall point, 


2 To find the diſtance between the foote of the ſiyle 
and the horizontal line. 


As the tangent of the inclination of che plane, 
isro the tangent of 45 gr. 
Go the lengch of the ſtyle, 
ro the dittance bervweene the foote of the ſty!e +12.) 
the horizontall line, 
So the ſame extent of the compalles as before v.1l react: mn 
the line of numbers from 6.00 vuto 8.26 tor the diitance AH 
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berweene the foote of the ſtyle and che horizoncall line. 

Then may you take 4 inches 36 cexr, and pricking them 
downe trom A the toot of the ftyle vato YVehe vercicall point 
in che meridian,draw the line FA, which being produced 
ſhall cut the horizon in the point H with right angles, and 
be chat particular azinuch which is perpendicular to the 
planc, 

Or you may take 8 inches 26 cext.and pricke them downe 
in the former line YA produced trom A vnto H, and {o draw 
the horizontall line through H perpendicular vnto J"71, 
which horizontall line being produced wil crotle the equa- 
ror 1n the ſame point wherein the equator crotleth 1+ 
hourc-hne of 6,valelle there be ſome tormer ciror. 


3 Tofind the ansles made by the azimuth linzs 
at the verticall point, 


Che angles at the zenith depend on the declination of the 
plane, as1n our example, where the ſtyle ſtanderh according 
to the declination 24 (r.20 m1. diſtant from the South toward 
the Weſt, the azimuth of rogr.from the mcridian Eaſtward 
will be 34 gr.20mm., the azimuth of 10 gr. Weſtward will be 
onely 14 gr-20 m.. dittait tiom che {tvic, and to the relt in 
theirorder. 

Ar it you would rather deſcribe the common a-unuths; 
the pointot Sb6E wilbe 35 gr.35 mathe point of SHIP 13 gr. 
5 m,diftant from ch:c ſtyleund {fo the roll in wow arder, Then 


As the tine of g0 77. - 
co the coline o: the inclination of the plane: _, 

So che tangent oftheangle at the eenitly, 
ro the rangent of the angle at the verricall pot be- 
tween the line drawnethrough the toot ot che ſtyle 
and che 2zunuch required, 


\Wherctorc the inclination of the plane 1n our example 
bewg 36 gr.cxtend the compalles from the line of go gr, va- 


rc) 
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tothe ſine of 54 er, the ſame excent 1. fg'- ya; Ze. Ano Ye. 
(hall reach in the line of canvents, auth; c,. MG 1: 
trom 2427.20 m. vito 29 gr.s m. tor SE 6b So 35 78 2 


- Lad . - 2 - 1 

che angle HU ary vereacal pointe @& E 6 = 
the line J'H drawne chr 2 5: . 0) 23S 6Y:; $1 
eweenthe line J'H drawne chrough {> £3 4% us 
A che foote of the ityle & che Sourh, jo & : 75 04D - 
Avaine, the fam: extent will reach Sh t _ A 30 = 
from the tangent O13 gr.” m.vato South 24 -. 204 
1097.38 m forthcangle be. nging ig 13. 510 29 

_ $ : | 3 


co $6, and (oforcherett,as in chis SS | 1 50 1 29 
table. : Seyle, | 6-0 


Theſe an;zles being Kknownegifon SWhs| 9 25 7 38, 
the center /, at the verticali point, 5 [to 2016 58 
you deſcribe an occult circle, and Sa b/3 ' as 26 45. 
therein inſcribe the chords of thee |, g ns = 37 11. 
angles from che line Y'H, and then |,,oy 6 - 25:48 30! 

| 


draw right lin - ts the ver: 1- 
call point, and the ecrines of thot: |;;-z 17 | 
has the lines ſo drawne ſhall be ahebs ng), 23 F 
WNW'38 19 87 44 
che azimurhs required, — _— - 
The like reaſon holdeth for the drawing of the az1nnurhs 
vpon all other inclining planes, wheof you haue anorher ex- 
ample in the Diagram belonging to the incridian incliner, 
DPAag.126. | 
Or tor further ſarisfaction you niay fnde 11 lere each az1 
much hae fall crotle the equator, 


= 


As the fineof go gr, 
co the line of the lacitude: | 

Sothe tangent of the az immrir from ic meridlyr 
rothe tanyem ofthe equaror from the mer;d:ai, 


Extendtl:: compalles trom the lire of 90 gr.vuto thetine: 


of our latitude 51 gr.30 m. the ſame extent wilireach zn the 
line of tangencs trom 10 gr, vnto 7 gr.50 m. for the mterſc- 
Aion of the equaror with che azumnuch of 10 gy. fron the 


meridian, Againe, the ſame extent will reach trom 20 gr.. 


\/ 3 Y1itc 
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vnto I5 gr.54 w.for the azimuth of 20 gr. And forthe reſt,a 
m theſe tables, 


Axim. Equat. 


Gr.M\or 71. 


— 


By which you may ſcethar the azimuth go gr.diſtanr fro: 
che meridian, which is the linc of Ealt and Weſt, will crotle 
che equator at go gr. from the meridian in the ſame point, 
with the horizontall line and the houre of 6, And chat tlic a- 
zimuth of 45 grewill crolle the equator ar 38 gr.2m.tron thc 
meridian, that 1s, the line of SE will crofle the equacor at 
the houre of 9 and 28 w.in the morning,andrthe line ot S #” 
at2 ho.3 2 mm.in the atternoone;and ſo torthe reſt,y. hereby 
you may examine your tormer worke, 


CHAD. -X Xx. 
 Todeſcribe the parallels of the horizon 


in the former planes. 


He parallels of the horizon, commonly called Almican- 
ters, Or Pg of altitude (whereby we may know the 


altitude of the Sunne aboue the horizon) haue ſuch reſpect 
vnto the horizon,as the parallels of declination vnto the c- 
quator, and ſo may be de{cribed in like maner, 


In 


V20n an horizontal plane. 17s 

In an horizontall plane, theſc parallels will be perte& cir- 

cies 3 wheretore knowing rhe length of the Rtyle in inches 

and parts, and che diſtance of the parallell from the horizon 
:11 degrees and minutes, 


As the tangent of 45 gr. 
1sro the length ot the ſtyle: 

So the corangent of the parallel, 
co the ſemn1d1ameter of his circle. 


Thus in the exampleof the horizontall plane, Pag. 164. it 
AB che length of the ſtyle ſhall be 5 inches, and chac it were 
required to hnade the ſernidiamerer of the parallell of 62 gr, 
cxicnd the compalles trom the tangent of q5 gr. varo 5.00 
in che line of numbers, the ſame extent will reach from the 
eangen: of 28 gr.the complemenc of the parallell ynto 2.65, 
and if you deſcribe a circle on the center A to the temi- 
diameter of 2 inches 65 cent, 1: ſhall be the parallell requi- 
red. 

In all vprighe planes, whether they be direc verticals, or 
declining,or ineridian plancs, theſe rersp will be conicall 
ſections, and may be drawne through their points of inter- 
jection, with the az1much lines, 1n the ſame mancr as the 
parallcls of declination .Afchrough their points of interleCtion 
with che hourc-lines. To this end you may hr:t finde the 
diftance berweene the top of the ſtyle and che azimurhi; an.! 
hen the diſtance berweene the horizon and the parallel, 
both which may be repreſented in this mancr. 

On the center B and any ſcemidiameter Þ &, detoribe 72n 
occult arke of a circle,and therein inſcribe the chords of tu. l! 
parallelsof altitude as you intend to draw on the plane, 
haue here put them for 15.30.45 and 60 gr.) thin draw 
right lines through che center and the termes of rhoje 
chords, ſo the line B H ſhall be the horizon, andthe reſt the 
lines of alrirude, according to their dill ince from the ho- 
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That done,conlider your plane (which heic tor example 15 
the South face of our vertical plane, p.168) wherein haning 
drawne both the horizontall & verticall lincs,as I thewed be- 
torc,firlt rake our A B the length of che ſtyle, & pricke that 
downe in this horizontall lme trom B vnto A;then take out 
all the diſtances berween B the top of the ſtyle and the ſene- 
rall points wherein the verticall lines do crolle the horizon- 
cal,transter them into this horizontal line BH,jrom the ce! - 
cr B,and at the terms of thete diſtancesercet hncs perpendt- 
cular to the horizon, noting them with the number or let- 
cer of the azin wth from whence they were taken , lo theſe 

erpcndiculars ſhall repreſent thoſe azimutrhs, and the tcue- 
rall diſtances betweene the horizon and the lines of altitude 
ſhall giue the like diſtances, berweene the horizontall and 
the parallels of altirude vpon the azimutits in your planc. 
Vpon this ground it followerh, 


To 


1 Tofindthe diſtance betireen the top of the /tyle,and the 


[enerall points wherein the azimmhs d# croſſe 
the horizoutall lic. 


Hauing dravwne the horizoncall and azimuchi lines as be- 
torc,looke into tie table by which you drew them, and there 
you ſhall hauc che angles ac che zh, Then 


As the coſtnc of the angle at rhe zenith), 
1srothe line of 92 or, 

So thelength of the it yle, 
ro rhe diſtance required, 
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As in our example of the verticall plane, where AB the 
length of the ſtyle was ſuppoſed to be 2o inches, extend the 
compatlles from che line ot 78 £r.45 m.(cthe complement of 
11 gr. 1g m. the angleat the zenith, belonging to $b E and 
£6) vnto the line of go gr. the ſame extent wil reach fron; 
10.00 the length of the ſtyle, vnto 10.20 ter the diſtance be- 
eweenethe top of the ſtyle and the interſection of che azi- 
muth $6 E with the horzoncall linc, which diſtance may be 
called the ſecawt of the azimuth, and may ſerue for che draw- 
ing of the parallell of 45 gr.from the horizon. The like reaſon 
hoideth tor the reſt of thele dittances here repreſented iu 


the line B H. 


To finde the diſtance betweene the horizon 
ard the parallels. 


- 


_ 


As the tangent of 45 gr. 

co the tangent ot che parallel]: 
So the ſecant of the azimuth, 

co the diſtance required, 


As if it were required to draw the parallell of 15 gr. from 
che horizon, ypon this verricall plane; extend the compaſſes 
from the tangent of 45 gr.vnto the tangent of 15 gr.the ſame 


extent Will reach in the line of numbers from 10. 00 the {e- 
cant 


cant of the South azimuth vnro 2.68, and therefore the di- 
ſtance berweene the horizon and the parallcll of rg gr. is 2 
inches 68 cent.vpon the South azimuth . Againe, the ſame 
extent will reach from 10.20 the ſecant of $6 E vnto 2,53 
for the like diſtance b:longing ro $6 Eand S6W, and ſo for 
the reſt, which may be gathered and ſer downe in the ta- 
ble. 

That done, and the horizon and azimnths being drawae, 
pricke downe 10 inches from the horizoncall line vpon the 
South az'muth,& 10 inches 20 cexnt,on the azimuths of SbF 
and Sbww, and to inchesB82 cent, on the azimuchs of SS E 
and $SW, and 13 inches 3 cent.on the azimuth of SEbS and 
$w6bS, andſo the relt of theſe diſtances on their ſeuerall a- 
zimuchs: then if you draw a crooked line chrough all theſe 
points, that may make no angles, che line ſo drawne ſhall be 
the parallell of 45 gr. fromche horizon. In like maner may 
you draw che parallell of 15 gr. or any other paralle]l of alci- 
tude vpon any verricall plane. 

If che plane incline to the horizon, after we haue found 
the vercicall point, and drawne the horizonrall line, we are 
farcher to finde the length of the axis of the horizon, then 
che angles berwixc this axis and rhe azimuth lines, and fo 
the ſeuecrall diftances berw:ene the parallels and the ver- 
ticall point, all which may be repreſented in this man- 
11er. | 
O:a the center B, and any ſemidiamerer, deſcribe an oc- 
cult quadrant of a circlz , and cherein inſcribe che chords of 
ſuch parallels of alticude as you intend ro draw on the plane, 
drawing right lines through the center and the termes ot 
theſe = Jo s, ſo the line B H ſhall be the horizon, and his 
perpendicular B Y the axis ot the horizon, and che reſt che 
lines of altitude, according to their dittance from the ho- 
r1Z0n. 

T hat done, conſider your plane, which here for example 
isthe firſt of our three declining mclining planes, wherein 
_— drawne both the hor.zontall and verricall lines as I 


ſhewed before , firlt take out che axis of the horizon,whictr 
7. 2 bo 
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is the line between Bthe rop of the ſtyle and V che vertical 
point, and pricke that downe in this figure from B vnto /; 
then take our both the line FH and all the reit of the diftan- 
ces between V che vertical{ point and the ſfcucrall points 
wherein the verticall lines doe crolle the horizontall linc ot 
this figurc,trom the point Y, noting the place where they 
crolle the horizontall line with the number or lerecr of the 
azimuth from whence they were taken,and drawing the azt- 
muth lines from Frhrough the lincs of altitude, 

Or hauing the Sefor you may dravy an occult line JE per- 
pendicular co che axis” B, and therein prick downe the tan- 
gent of the complement of the inclination of the plane 
trom F vnto E : then draw the line E F parallell to the axis, 
croſſing the line J'H produced in the pointe F, to this ling 
E F will be asthc line of fines vpon the Sefor, and therem 
you may pricke downe the fines of the complement ot the 
angles at the zenith trom E towards F,and draw the verticall 
lines by thoſe points through che lines of alticude, lo the 
angles at V, betwcenc the axis V B and thoſe azimurh lines, 
hall be the angles berweene the axis of the horizon and the 
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Upon 4% incliwing plane, . by 


azimuth lines on your plane, and the ſcuerall diftances be- 
tween the point V and the lines of altitude, ſhall give the 
like diſtances betweene the verticall point and the parallels 
of altitude vpon the azimuths in your plane, Vpon this 
ground it followeth, 


1 To find the length of the axis ofthe horizox. 


The verticall point is alwaycs either direly over or vn- 
dcr the top of the ſtyle, and the diſtance berweene them 15 
chat wich I call the axis ot the horizon, which may thus be 
tound, 


As the coline of the inclination, 
trorhelincof gogr. 

$o the length ot the ſtyle, 
tothe length of the axis of the hox1zon, 


For exawuple in the firilt of the three declining inclining 
lanes,thc inclination to the horizon 15 36 gy. the length of 
the ſtyle A Blix inches, extend the compalles trom the fine 


of 5 4 gr. the complement of the inclination vnto the line of 


90 gr. the ſame extent wil reach in the line of numbers from 
6.09 vnto 7.42,& ſach is VB the lengeh of the axis required, 


2 To find the angles contained between the horizon and 
the wverticall lines pon your plane. 


The angles at the vertical point beriweene the axts of the 
horizon and the azimuth lines vpon your plane arc repre- 
ſented in this figure by thoſe ar V, berweene VB and the 
azimuths, The angles detweene the horizon and the azi- 
muth lines bcing completypents to the former, arc repreſcn- 
cd cither by thoſe which are made by V E or by B H, and 
the azimuth lines which arc drawne from V. 

That you way find them, looke into the Table, by which 


you drew the azimuth lincs,therc ſhall you tinde the angles 
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at the zenith, Then 


—— 


- & > a 


183 The deſcrip tiow of thu paraliels of the horizon 


Ns os ax PRI” 


I 


DC 


w—_ 


EEE PEP EO CO CEO CO Pe er Oreo pegognerrrrr 


Grams - 
As the ſine of gogr. 
to the coline of the angle at the Zenith: 
So the tangent of the 1nclination to the horizon, 
ro the tangent of the angle betweene the horizon 
and the verrticall line. 


In our example where the inclination to the horizon is 
36 gr. and the angle at che zenith berweene the azimuth at 
the ſtyle and the meridian, 1s according to the declination 
24 £7.20 w.cxtend the compalles from So line of go gr.vnto 
the tangent of 36 gr. the ſame extent wil reach from the ſine 
of 6g gr.qom.the complement of the angle atthe zcnith,vn- 
tothe tangent of 33 gr. 30 wv, for the angle contained be- 

eween 
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183 | 
eweenthe horizon andthe South parc of the meridian line. 

Again,the ſame excent wil reach frothe coline of 35 gr.z5 m. ( * 
the angle at the zenith belonging to Sb E vnto the rangent 'F 
of 30gr. z w. for the angle betweene the horizon and the | 


UPON 48 inelining plane. 


azimuth line of $6 F, The like reaſon holderh for the reſt, 
which may be found and ſer downe in the Table. 
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Then may you cither draw theſe anples at V inthe former 
figure more perfettly, and thence finiſh your worke, or elle 
proceed. 
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184 Thedeſcription of the pavaltels of the horizon 


3 To find the diſtance between the vertical! point 
and the parallels of the horizon. 


Theſe diſtances may be found by reſoluing the triangles 
in the laſt figure ah by the axis,the lines of alcirude,and 
the azimuth 1:nes. For haning the length of che axis and the 
angles at the horizon, it you adde the diltance of the parallel 
trom the hot:zon vnto che anvle ar the horizon , you ſhall 
hauc the angle at the parallelt, Then 


As the finc of theangle at the parulle!!, 
to the coline of the altitude: 
Sorhe length of the axis, 
crothediſtance berweene the verticall point and che 
parallel]. 


Thus in our example if it were required to tinde the di- 
ſtance vpon the ſtylar 2zimuth V H, berweene the vyercicall 
pointand the horizon,you haue the rectangletriangle ViH, 
wherein the angle at the horizon here repreſcnted by BLIV 
is (Equall rothe inclination of the pine) 36gy. and B V the 
axis of the horizon beriveenc che plane and the top of (he 
Rylegis 7 inches 42cert. Whiereiore extend the compatlts 
from the line ot 36 gr.vacoche line 61.90 gr.the complement 
of the altiitde,lic fame extent will reacit in the line of num- 
bers trom 7.42 vito 42 62, and (uch 1$the diſtance of the 
perpendicu:ar azunuh hne V H becween the vericall porn! 
2nd Ar horizon, 

Inlixc maner it yon would find the diftance vpon the me- 
ridian between the vertical] pen and the har:zon, extend 
the compatles trom tice line of 23.07.35 mw. the angle ar the 
horizon, to the line of 90 gr. the tame extent will reach j11 
tlic line of numbers trom 7.42 vnto 1 3.44,and ſuch is }athe 
diſtance berweene the verticall poinc and the horizon vpon 


. theline of che South azunuth,- char 1s, vpon tie mendiuy: 


hinc, 


Fu! 
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Bur if you would find the diftance vpon the meridian be- 
ewcene the verticall point and any other paralle]| of the ho- 
rizon,as vpon the parallcll of 26 gr. 34 w. then adde theſe 2.6 
£7.34 #9.vnte 33 gr.zo w.the angle at the horizon, fo ſhall 
you haue 66 gr.4wfor BDV the angle at the parallell. And 
if you exrend the compalles from the ſine of 60 gr.q w.vnco 
the fine of 63 gre26 m., the complement of the parallell from 
the horizon, the ſame extent will reack in the line of num- 
bers from 5.42 the length of the axis, vnto 5.66, and ſuch is 
che diſtance VD beeween the verticall point andthe parallcl 
of 26 gr. 34 w.vp0 the meridian line, The like reaſon holderth 
for all thereſt, which may be gathered & ſer down in y table. 
That done,and che horizon drawne as beforegif you would 
draw the parallel of 26 gr. 34 w,from the horizon, looke into 
the cable, and there finding vnder the title of the parallel of 
26, 34, the diſtance on y South azimuth line to be 7.66, take 
7 inches 66 cent.out of a line of inches,and prick them down 
on the meridian of your planegfrom the verticall poine at F. 
Or if either rhe vercicall point fall without your plane, or 
the extent at any time be too large for your compalles, you 
may pricke downe the diſtance betweene the horizon and 
che parallel. As here the diſtance betweene the vertical point 
and che parallel 1s 7,66, betweene the verticall point and 
the horizon 13.44 the difference berween them 5.78 is the 
diſtance fro the horizon to the parallel, which being pricked 
downe vypon the meridian, aſl ive the {ame interſection 
as befere. And the like reaſon, holdeth for the pricking down 
che reſt of thcele dittances on their ſeuerall azimuths. 
Hauing the pointsof interſe&ion berweene the azimuths 
and the parallell, you may 1oyne them all in a crooked [ine 
wichour making of angles,the line lo drawne ſhall be the pa 
rallell required, And vpon this ground u followeth!, 


To deſcribe ſuch parallels ow the formcr planes,as may ſhe w 
the proportion of the ſhadow units the gnomon. 


The proportion of a mans ſhadow vnto his he:ght, _ 
42 TN C? 
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136 The proportion of ſhadowes. 


ther ſhadow to his gnomon ſet perpendicular to the hori- 
zon, may be ſhewed by parallels co the horizon , if they be 
drawne to a due altjrude, which may thus be found: 


As the length of the ſhadow,to the length of the gnomon: 
Sothe tangent of 45 gr. to the tangent of the altitude. 


As if it were required to finde the altirude of the Sunne 
when the ſhadow of a man ſhall be decuple to his height,cx- 
tend the compalles from xo vnto 1 in the line of numbers, 
the ſame extent will reach in the tangent of 45 gr. vnto the 
cangent of 5 gr.42 ##; which thewes that when the Sun com- 
meth to the altitude ef 5 gr. 42m. your —_—_ a leuell 
ground, will be ten ctimes as much as your height. In the 
{ame maner you may finde that ar 7 gr.7 mv. of altitude your 
ſhadow wil be ouple, at 9 gr.27 m.iextuple, at11 gr.18 m. 
quintuple, at 14gy.2 m. quadruple , at 18 gr.26m.triple, at 
26 gr. 34m,doublc to your height, at 33 gr.q41 m.as 3 vnto 2, 
at 36 gr.52 99.454 vnto 3,at 38 gr.q0 m.as 5 vnto 4, at 45 gr. 
equall,at 51 gr. 20 99.454 Vito 5, at 53 gY.7 M45 3 vnto 4, at 
5G gr.1999.25 2 vntO 3Z,at59gr.2 m.as 3 vnto g,atG63 gr.26 m, 
as 1 vnto 2,&c. 

If then you draw a parallell ro the horizon at 5 gr.q2 mw. 
another at 7 gr.7 #1. and ſo the reſt, when the ſhadow ot the 
ftyle faileth on the parallell, you haue the proportion, and 
thereby may you know the ſhadow by the height, and the 
height by the ſhadow,whereot you haue examples Pag. 126. 
and 137. 

F might here proceed ro ſhew the deſcription of the cit 
cles of poſition, the Signes of the Zodiacke in the meridian, 
the Signes aſcending and deſcending , with. ſuch other 
gnomonicall conc]uſions; but theſe would proue ſuperflu- 
ous to ſuch as vnderſtand the dodrine of the Sphere; and tor 
others,that which is deliucred may ſuthſc for ordinary vſe, it 
being my intention not ſo much to explane rhe full vic of 
ſhadowes(whereof I haue lately Fiuen a large cxample in an 


other place) asche vie of theſe ines of proportion,that were 
not extant heretofore. 
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An Appendix concerning 
The deſcription and ſe of a ſmall portable 
Quadrant, for the more eaſe finding of 
the houre and Azimuth. 


CHAP. I. 
Of the deſcription of the Quadrant. 


H Auing deſcribedtheſe ſtanding planes, I will now ſhew 
the moſt of theſe concluſ1ons by a ſinall Quadrant. This 
might be done generally for all laciendes, by a quarcer of the 
gen: rall Aſtrolabe, de{cribed betore 1n the vſe of the Seer, 
pag.58z and particularly tor any one latirude,by a quarter of 
vhe parcicular Aſtrolabe, there allo deſcribed,pag.63. which 
if ic be a foote {emidiameter, may ſhew the azjnwth vnto a 
degree, andthe time of the day vnto a minute; but for ordi- 
nary vſe this ſmaller Quadrant may ſulhce , which may be 
made portable in this maner, 

i Vpon the center A,and ſemidiameter A B, deſcribe the 
arke BC: the ſame ſemidiameter will ſet of 60 gr. andthe 
haltc of that will be 30 gr. which being added to the former 
60 gr. will make che arke BC to be go gr. the fourth part of 
the whole circle, and thence comes the name of a Qna- 

rant. 

: 2 Leauing ſome little ſpace for the inſcription of the 
moneths and - Fn on the ſame center «F, and iemidiame- 
ter AT, deſcribe the arke TD, which ſhall ſcrue for either 
tropiquee | | 

Divide the line AT inthe point E, in ſuch propor- 
tion,as that AT" being 10000, AZ may be 6556, andthere 
draw another arke E F, which ſhall ferue for the Equa- 
cor. 

4 Diuide AF the ſemidiameter of the equator. in the 
point G, ſo as A F being r0000, theline A G may be 4343, 
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and on the cenrer G and ſemidiamerer G D deſcribe the trke 
ZD,which ſhall ſerue for afourth part of the ecliprique. 
5 Thiparofche ecprique may be diuided into three 


þ-; Signes, 


ECO ee —_ 
Er a ee Ons 


Theecliptique and lint of declination. 18 
9 


Signes, and cachSigne into 30 : i 
A latlc of right Alcenioas, 


gr. by a table of right aſcentions, |" 7 
made as before pag.6o. As # Q' IE IEEE " 
__ aſcenſion of the firſt point * (Gr, M. he Th. 
s o& being 27 gr.54 mw. you ma 0 o 0.27 5457 
ay aruler to che center A & me 5 4 3532 42 63 
£Y.54 mn the Quadrant BC F-44 lo 9 44 _ \ hs _ 3 3 
pointe where che ruler crollect 15/13 4342 he yd Y 
che Ecliprique, (hall be che brit 20/18 2747 pk ye 
_ of oe In like maner the 25/23 953 2384 7, 
ROY of the firſt point 30127 54 57 43 Ss - 
erg en Yea ia mr the 
y 0 « » IN CLET 
ſalbe any the ruler Sik er — aq a 
aaa cſt point of IL And fo for tho reliber 4" 
the lines of diſtin tion berween Si 6-2 * 355| 
_ be beſt drawne from the —— _ gne, | 3} $37; 
Es 2 he line E T berwcene the equator and 5 N, 55 
ropique,which I calltheline of declinaci [£2 
my be diuided into 23 gr. + out of chis Table. - | 6.1256] 
was = _ any omen of the mater de | H __ 
, the diſtance bet 1503 
Logr. of declination per ng ns _- _—_ 94708 | 
rween the equator and 20 gr.4281 goa 4; ; be- 'to 1917, 
of che tropique from the equator r 252. ance 72 130 
- 75 You may put in the moſt of the principal : 22348) 
_—_ berweene che cquator and che tro 1 : 3/2572 | 
O 5,by their declination from the HF 4/2 99; 
right aſcenrion trom rhe may ATR i5 kt 
pong" of rhc wing of Pegaſits, hg 63 Eo 
2 8r.7 m. che right IP. | 
73, => Goat ata $ogy. 34. from 17 3514 
draw an occulr parallell chrowgh I ” = _ . P ea 
<clination,andchea es hogs Fe 4, Ke $281] E 
and « gr.26 ms, mn rhe.quadranc 8.C, ©h IS — 9 
os che ruler crofferh the parallell fb rf beth : . , _ 8 
place for the wing of Pegaſus, to which you may [23 "od 
\Cro\g2e2) 
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ſer the name and the time when he cometh to the South, 
in this maner, W.Peg.* 23 He,54 M. and ſo for the reft of 
cheſe fiuc, or any other ſtarres, 


"4 __ jHo. MjR.AſcenDeel, 1 

Pegaſme wing * 

Artturns 7 

'Lions heart * | 9 48|;32 $8113 45 
4 


[Bus eye 4 I5;63 33's 42 
} ultwres beart 19 33166 56 7 58| 


OT — ——— — Qmm—_—_  ——_— 


$ There being ſpace ſufficient berween the equator and 
the.center,you may there deſcribe the quadrat, and diuide 
each of the rwo ſides fartheſt tro the center A into 100 parts, 
ſo ſhall the Quadrant be prepared generally for any latitude, 

But before you draw the particular lines, you are to fit 
foure tables vnro your laticude. 

Firſt a table of meridian altitudes for diifion of the circle 
of dayes and moneths, which may be thus made: Conlider 
the laticude of the place and the declination of the Sun tor 
cach day of the yecare.It the latitude and declination be alike 
both North or both South,ad the declinatice to the comple- 
ment of the latitude; if they be vnlike,one North, and the 0- 
ther South, ſubſtract che declination trom the complement 
of the latitude, the remainder-will be the meridian altitude 
belonging vnco the day. 

Thus in our latitude of Fr gr. 30 m. Northward , whole 
complement is 38 gr. 30w9. the declination vpon the tenth 
day of Tune will be 23 gr.30 w.Northward, whercfore I adde 
23 £gr.30 mm, vnto 38 gr.zow. the ſumme of both is62 Fr. for 
the meridian wakes at the tenth of June. The declina- 
tion vpon thetenth of December will be 23 gr.30 m.South- 
ward, wherefors I take theſe 23 gr.zo0 m.out of 38 gr.30 mw. 
there wil remain 15 gr.forthe meridian alcicude at the centh 
of December; and in thigmaner you may find the meridian 
altitude tor each day of the yearc, and fer them downe in a 
table, 


The 
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| 2 n L gre, aj 2 7 ag 4 as 

S _|5r. MiGr. MjGr. MIGr. 9713r, M|Gr, M3r, M4 
[anwary [1G 31/17 2418 26119 37/29 57/22 24/23 58 
February [24 1725 $9127 45129 35131 29133 25 
March |34 35136 33138 32/40 3o[4z 27144 23 
eApril 146 37.48 26/50 11151 5ojs3 25154 53 
May 56 1557 29158 35159 33160 22/61 21[61 31 
lance 61 3661 54152 0:61 58/61 45[61 22160 49 
Inly |60 4y60 $559 1458 13157 455 43154 24 
eAuguſt 154 752 3659 59149 17/47 31145 41143 49 
September,43 2641 3939 33137 3535 38133 41:31 46 
Ottober |31 4629 53.28 3/26 16|24 35|22 59.21 29 
Nowember|21 1219 5118 39117 36116 43116 os 28 
Decewber't5s 2815 715 ols 2'ls 17.15 4416 22 


The Table being made , you may inſcribe the moneths, 
anddayes of cach moneth into your quadrant, in the ſpace 
left below the cropique. For lay theruler vnto the center A, 
and 16 gr.31 m. in the quadrant BC, there may you draw a 
line forthe end of December and beginning of January; 
then laying your ruler to the center A, and 24 gr. 17 #9. in 
the quadrant, there draw the end of Tanuary and beginning 
of February, and ſo the reſt, which may be noced with 
IF, Mm, A,M, 1, &c,the firit letters of cach monech,and wal 
here fall berweene 15 gr.and G2 gr. 

The ſecond Table wh: ci you are to fir, may feruec for che 
drawing and diuiding of thchorizon . For drawing ot the 
horizon. 


As the cotangent of the latitude, 
tothe rangent ot che greateſt declination: 
So the fine 0190 pr. 
to the line of inter{e(tion, where the horizon thalt 
crolle the rropiques. 


So in our latitude of 51 gr.30 m.we ſhall find the horzon 
ro cut the tropique un 33 gr.g m: wherefore if y ou lay rhe ru= 


ev 
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lerto the center A,and 33 gr.gm.in the quadrant, the poince 
where the ruler crofferh the rropique ſhall be the poine 
where the horizon crollerh the eropique. And if you finde a 
point at H,in the line AC, whercon ſecting the compalles, 
you may bring the point ar E,and this qua: the tropique 
both into a circle,the point & ſhall be the center,and the ark 
ſo drawne thall be the horizon. Then tor the diuzſion of this 
herizon. 
As the fine __ 
ro the line of the latitude: 
$o the tangent of the horizon, 
ro the tangent of the arke in the quadrant, which 
ſhall diuide che horizon. 


So in our latitude of 5 x gr.30 mw, we lhall finde 7gr.y 2 m. 
belonging to x0 ron che horizon, and 15 gr.54 m.belony- 
ing to 20 gr. Andſothercſt,as in this Table. 
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Wherefore you may lay the ruler tothe center A, and 
7 gr.52m.in the quadrant BC, the point where the ruler 
crolſeth the horizon ſhall be togr.in the horizon 3 and ſo 
for the reſt: but che lines of diſtin&tion between each fitt de- 
grec,will be beſt drawnefrom the center H. 


The third Table for drawing of the houre-lines, muſt be 
'a Table of the altitude of the Sunne aboue the horizon at ec» 
ucry houre, e{pecially when he cometh ro the equator, the 
tropiques,andſome other intermediate declinations. 

It che Sunne be in the equator,and ſo haue no declination. 


As the ſinc of go gr. 
co the culine of the larirude: 

So the coſine of the houre trom the meridian, 
tro the line of the alticude, 


Thus in our latitude of 51 gr. 30 w.at ſix houres from the 
meridian the Sunne wil haue no altitude;at fiue the altitude 
will be 9gr.17 m; at foure 18 gr.8 mz at three 26 gr.7 mz at 
ewo 3207.37 w. atone 36 gr.58 m; ar noone it will be 38 gr, 
30 mn, cquall to the complement ot.the latitude, 

Ifche Sunnec haue declination, the meridian altitude wil 
be found as before, for the Table of dayes and moneths, 

If the houre propoſed be fix in the morning or lix at 
night, | 
As the ſine of go gr, 

ro the line of So latitude: 

So the line of the declination, 
to the line of the altitude, 


Thus in ourlatitude the declination of the Sunne being 
23gr.3om, thealtirude will be found to be 18 gr.11 mm; the 
declination being 11 gr,30 w.thealticude will be g gr, 

lf the hourcipropolcd be neither rwelue nor lix. 


As the coſine of the houre from the meridiau, 


bb So 


to the line of go gr. 
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So the tangent of the latirude, 
co the tangent of a fourth arxc. 


Soin our laticude and one houre from the meridian, this 
fourth ark will be found to be 52 gr.28 mw. attwogs5 gri26 m, 
ar three 60 gr. 39 m. at foure 68 gr.22 m, andat hue houres 
trom the meridian 98 gr.22 us. 

Then con(tder the declination of the Sunne and the houre 
propoſed ; it the latitude and declination be both alike, as 
with vs in North latitude, North declin:tion, and the houre 
fall betwe«cn 1:00n«e and lix, take the declination out of the 
fourth arkc, thc rewainer ſhall be your hitr arke, 

Bur if either the honre tall berween lx and midnight, or 
the latitude and declination ſhall be vnlike, adde the decli- 
nation vnto the fourth arke, and the ſumme of both ſhall be _ 
your Efth arke: or it the fume (ſhall exceed go gr. you may 
take the complement vnto 180gr. This fitth arke being 
knowue : 


As the ſine of rhe fourth arke, 
to the line of the latitude: 

So the cofine of the fift arke, 
ro the line of the alcicude. 


Thus in our latitrudeof 51 gr. 30m Northward,the Sunne 
hauing 23 gr.zo w.of North declination, it it ſhall be requ1- 
red to finde the altirude of the Sunne for ſeucn in the mor- 
ning ; hcre becauſe thelatitude and declinarion are both a- 
like to the Northward , andthe houre propoſed falleth be- 
eweene noone and (ix, you may take 23 gr.3om.the arke of 
the declination our of 78 gr.22 m.the fourth arke belonging 
to the fift houre from the meridian, ſo there will remaine 
54 £r-52 m.for your fift arke. Then working according to the 
Canon, you ſhall find, 


As the fine of 58 gr. 22 m.your fourth ark, 
to the ſine of 51 gr.30w.for the latitude: 
_— S, 


for any howre and latitude propoſed. I95 


So theline of 35 2r.8 m.the coplement of your fiir ark, 
to the line of 27 gr.17 m.che alciruderequired. 


If in the ſame latitude and declination, ir were required 
ro finde the altitude tor fiue in the morning, here he 
falling betweene {ix and midnight; & you adde 2 gr. 30 m. 
vnto 78 gr.22 m. the ſumme will be 101 gr.g2 ww. andthe 
complement to 180 gr.will be 78 gr.8 mw, tor your fitth arke. 
VWhcretore 


As the ſincof 72 gr 22 w, 
to thc lizacot ll gr.zom. 
So the coline of 98 2r 8 m. 
to th- line of 9 g1.32 m.for the altitude required. 


If in the {ame latitude of 51 gr.3o m. Northward, the 
Sunne having 23 gyr.3o0 91,0t Sourh declination, it were re- 
uired the altitud- for nine imthe morning ; here becauſe 
the latirude and declination are valike, the one North, and 
rke other South, you may addc 23 gr.30 m.the arke of decli- 
nation,vnto 60gr,z9 m. che fourch arke belonging to the 
chird houre from the meridian, fo ſhall you hauec 84 gr.g mn 
for your fittarke,Wiherctore 


As the ſince of 60 gr. 39 w, 
to the ſincof 51 gr.zo w. 
So the coline ct B4 gr. 9 w. 
tro the linc ot 5 gr.15 m.torthealtitude required. 


And ſo by one or other of theſe meanes you may finde 
the altitude of the Sunne for any point ot the echo at 
all houres of the day, and ſet them downe in ſuch a Table 
as this, 
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A Table for the altitude of the Sunne in the beginning 
of each Signe at all howres of the day, cal.ul1- 
ted for 51 gr.30 m.of North batttude. 


© (>, M.Gr. M,ur. MG, MI3r M.Gr, Mr, M: 


— —  —— 
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11 159 4355 3448 1236 5825 4917 613 52 
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Laſtly, you may finde what declination the Sunne hath 
when he riſcth or ſetteth at any houre, 


As the ſine of gogr. 

to the linc ofthe koure from (ix: 
So the cotangent of the latitude, 

tro the tangent of the declination. 


And ſo inthe laticude of fu gr. 30 9. you ſhall finde that 
when the Sun riſeth, cither at Fac in the Summer, or ſcucn 
in the Winter, hisdeclination is 11 gr. 37 mm: when he riſeth 
at foure in the Summer, or eight in the Winter, his declina- 
tion 1s 21 gr.q0 #m9.which may be alſo ſer downe in the Table. 
That donec,you may there ſce that in this latirude the me- 
ridjan altitude of the Sunne in the beginning of & is 62 go 
iniT5$gr.42m.int 5ogr. in V 38gr.yo mw, &c. Bur che 
beginning of S and Vp is repreſented by the cropiques TD, 
drawne at 23 £r.30m.of declination, and the beginning of 
V and==,by the equator F. If you draw an occulr parallel 
berweene the equator and the tropique,at 31 gr,z0 #.0f de- 
clination, 


| 
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clination, it ſhall repreſent the beginning of &,nv,M,and X, 
it you draw another occult ,paralle]l though 20 gr.12 ww of 
declination,ic ſhall repreſent the beginning of 1,N,7,and 2, 
Then you may lay a ruler to the center A,and 62Fr.in the , 
quadrant BC, and notethe point where it croſſeth the tro» 
piqueof Sz then moue the ruler to58gr.52 99, andnote 
where it crolſeth che parallel of mx; then to go gr. and note 
where it crolleth the parallell of &;and againe to 38gr.zo mw. 
| noting where it crotſeth the equatory lo the line drawne 
| through chele points ſhall ſhew the houre of 12 in the Sum- 
mer, while the Sunne is in Y,>,mn,95,N,or np, In like maner 
if you lay che ruler to the center £ and 27 gr. in che qua- 
drant,and note the point where it crotlcrh the parallel of x, 
chen moue it ro 18 gr.18#9, and note where it crolleth che 
parallell of zz; and againe to 1g gr. noting where 1t crotlet|1 
the tropique of W, the line drawne through theſe points 
ſhall ſhew the hoVre of 12 in the Winter, while the Sunne is 
in =, m, 7, v,:z & x, and ſo may you draw the reſt of theſe 
houre-lines : onely that of 7 from the meridian in the Sum- 
mer, and 5 in the Winter, will crolle the line of declination 
at I1gr.37 mm. andtharoft 8 inthe Summer, and4q in the 
| Wanter at 21 gr.40 7, 


The fourth table for drawing of the azimuth lines, muſt 
Iikewilc be fitted for the altitude of the Sunne aboue che ho- 
rizon at cuery azimuch,eſpecially when he cometh to the e- 
quatox, the cropiques, and ſome orher intermediat declina- 
t10ns, 
It the Sunne be in the equator, and lo haue no declina- 
tzon: 
As the line of gogr. 
ro the coline ot the azimuth fromthe meridian; 
So the corangent of the laricude, 
co che tangent of che alcirude at the equator. 


"RATA, 


Thus in our latitude of 51 gr.30 w. at 90 gr. from the me- 


ridian, the Sunne Will hauc no altirudezar 80 gr.the alticude 
bb 3 will 
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villbe7gr.52 m; at 7o gr. it will be r5 gr. 30 m7; atGo gy. it 
y. [[be 21 gr.q1 . 

it the Sunnec haue declination, the meridian alrirude will 
be ealily found as betorefor the table tor dayes and moneths. 
And forall other azimurhs. 


As the fine of the latitude, 
to the tine of the declination: 

So the coſine of the alcitude at the equator, 
ro the (inc of a tourth arke. 


\When the latitude and decliracion arc both alike in all a- 
z'\muths from the prime ver:icall vnco the meridian , adde 
this tourch arke vnto the arke of altitude ac the equacor. 

When the laticude and declination arc both ik -, and the 
azimuth more then go gr. diſtant trom che nieridian, take 
the altitudeat the equator our of this fourth arke. 

When the latitude and declination ar- vilike, rake this 
fourth arke out of the arke of altitude ar che equator, lo [hall 
you haue che altitude of the Sunne bclonging to the azi- 


muth. 


Thus in our latitude of 51 gr. 30 m. Northward, if it were 
required to finde the altitude of the Sunne in the azimuth 
of 60 gr. from the meridian, when the declination 15 23 gre 
30 w.Norhward, you may finde the altitude at the equator 
bclonging to this aztmuth ro be 21 gr.q1 m. by the tormer 
Canon,and by this laſt Canon you may finde the tourth arke 
ro be 28 gr.15 ms. Thcn becauic the latitude and dechnation 
are both alike ro theNorthward, it you adde them both 
together, you {hall hauc 49 gr.g 6m. fur the altitude requi- 
red. 

It the declination had been 23 gr. 30 m.tothe Sourhward, 
you ſhould chen haue taken this tourch ark our of the ark at 
che equator, which becauſe it cannor here be done, it is a 
ſigne thar the Sunne 1s nor then aboue che horizon. But if 
you take the arke at the equator out of this tourth arke,you 
ſhall hauc 6 gr. 34 mw, for the altitude of the Sunne when he is 

un 
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inthe azimuth of 60 gr.trom the N ore, v1. 425 v4 ren che 
South; part of the meridian. T he hike reaton hol. tor the 
r.1t of thete altitudes, which n:ay be garnered and tot down 
11 atable, 

Laſtly when che Sun riſcch or ſertech vpon any azimuth, 
to find his declinacion, 


As the ſine of go gr, 
to the coline ot che laticude: 

Sothe coline of the azimuth trom the mcridian, 
tothe line of the declination. 


And thus in our laticude of 51 gr.zo m.when the azimuth 
15 80 gr.irom che meridian, the declination will be tound to 
be6gr.12 m, it theazumuth be pogr. the declination will be 
tound 12 gr.18 ;it 6ogr. then 18 gr. 8 mw. And lo tor the 
reſt, which may be alſo {ct downe in the Table. 


A Table for the altitude of the Sunne in the beginning 


of each Sig ne for exery tenth azimuth, in 51 gr. 
' 30 m.0f North latitude, 
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Thar done, if you would draw the line of Eaſt or Weft, 
which is go gr. from the meridian, lay theruler to the center 
A,and 30gr.38 w.numbred in the m__ from C coward 
B, andnotethe point where it crollcth the tropique of 5; 
then moue the ruler to 26 gr. row.andnote where it crolleth 
the parallell of T; then to 14 gr.45 w. and note where ir 
crollerh the parallell of &; then to o gr. om. and you ſhall 
finde it ro crofſe the equator in the point F;ſo a line drawne 
through theſe points, ſhall ſhew the azimuth belonging to 
Eaſt and Weſt, The like reaſon holdeth for all the reſt. 

Theſe lines being thus drawne, it you ſet wo ſighes vp- 
on theline AC, and hang athread and plummer on the 
center A,with a bead vpo the thread,the forclide of the qua- 
drant ſhall be fully finiſhed. 

Or in ſtcad of the faue ſtarres before mentioned, you may 
place the Nefwrnall (deſcribed before in the vic of the Se- 
or, pag.6o.) on the backſide of the Quadrant, and fo alſo 
it will be firted both for day and night, 
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CHAP. II. 
Of the oſe of the Quadrant in taking the altitude 


of the Sunne, Mone, and Starres. 


FT He Quadrant isthe fourth part of a circle, divided e- 


qually into go gr.and here numbred by 10.20 30.&c, 
vnto 9ogr. cach degree being ſubdiuided into 4. 

Litt vp the center of the Quadrant, ſo as the thread with 
che plummet may play ealily by the {ide of ir,and rhe Sunne 
beames may palle through borh che ſighs ; {o ſhall che de- 
grees cut by the thread, ſhew wha 1s che alticude ar the rune 
ot obſeruation, as may appeare by this example, 

Vpon the 14 day of April, about noone, the Sun-beames 
paſſing chrough borh che lights, the thread feli vpon 5x 
grazom, and chis was thetrr'e meridian altitude of the Sun 
tor that day in this our latitude of 51 gr. 30 m. for which this 
Quadrant was made, 

Agaie,rowards three ofthe clocke in the aftcrnoonethe 
chread tell vpon 38 gr.qo ms. and ſuch was the Sunnes altt= 
tude at thar tine, 


Of the Ecliptique. 


1 Theplace of the Sunne being giues to finde 
hs right aſcenſion. 


*"T* He Ecliptique is here repreſented by the arke, figured 
with the characters of the ewelueSignes,V,S5,m,&c.cach 
Signe being diuided vnequally into 3o gy. and they arc ro be* 
reckoned from the charatter of the Signe, 
Ler the thread be laid on the place of the Sunne in the 
Ecliprique , and che degrees which it curterh in the Qua- 


dranc [hall be the righr aſcenſion icquired., 
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As if the place of the Sunne given be the fourth degree 
of X, the thread laid on rhisdegree ſhall cur 62 degrees in 
the Quadrant, which is che right aſcenlion required. 

Bur if the place of the Sunne giuen be more then go gr. 
from the beginning ot vv, there mult be more then go gr. al- 
lowed to the ripht aſcention;tor this inſtrument is bur a qua- 
drant : and {o it the Sunne be in 26 gr.ot S, you ſhall finde 
the threadto fall in the taine place, and yer the right alcen- 
ſon to be 118 gr, 


2. The right aſcenſion of the Sunne Ltiuy ginen, 
te 5nd by place in the Ecliptique, 


Let the thread be laid on the right aſcenſion in the Qu:--. 
drant, and it ſhall crofle the place of the Sunne in che Echp- 
tique, as nay appearc in the tormer cxample. 


CHAP. II1I. 
of the line of declination. 


1 Theplace of the Sunne being given 
ts find lus PuPaeragyg 


He line of declination is here drawne from the center 

ro the beginning of the Quadrant, and diuided from 

che beginning of Y downward into 2 3 gr.zo m5. 

Lec the chread be laid, and the a ſer on the place of 

Sunnein the ecliptique; then moue the thread to the line of 

declination,and there the bead ſhal fall vypon the degrees of 
the declination required, 

As if the place of the Sunne giuen be the fourth degree 
of xr, che beade firſt (er to this place, and then m'ouecd ro the 
line of declination, ſhall there ſhew the declination of the 
Span at that time to be 21 gr.from the cquator. 
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2 The declination of the Suwne being giucn, 
to find his place in the Ecliptique. 


[et the thread and beade be firſt laid to the declination, 
and then moued to the Ecliprique. 

As it the declination be 24 gr.the beade firſt ſer to this de- 
clination,and then moued tv the ecliptique,ſhall chere ſhew 
the fourth of the tourth of 7,the 26 of S,and the 26 of ; 
and which of thele foure is the place of the Sunne, may ap- 
peare by the quarter of the yearc. 


CHAP. V. 
Of the circle of Moneths and Dayes. 


His circle is here repreſented by the arke, figured with 

chele letters, [, F, M,A, 4,8c, iignitying x monerhs 
Tanuary, February,March, April,&c. each moneth being di- 
uided vnequally, according to thenumber ot the dayes that 
are therein, 


1 The day of the moneth being ginen, ts find the alti- 
inde of the Sunne at noone. 


Let the thread be laid co the day of the moneth, and the 
degrees which it cuttech in the Quadrant ſhall be che meri- 
dian alcitude required. 

As if the day giuen be the 15 of May, the chread Jaid on 
this day ſhall cur 59 gr,30 #7. in the quadrant, which is che 
meridian altitude required. 


2 The meridian altitude being giucn,to finde 
the day of the moncth. 


The thread being ſet co the nieridian altitude, doth alfo 
tall on thc day of the moneth, 
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As if the altitude at noone be g9 gr.30 m. the thread be- 
ng ſer to this altirude,doch tal on the 15 day of May andthe 
9 of [uly ; and which of theſe two isthe true day, may be 
knowne by the rome. ot the yeare, or by another dayes ob- 
ſeruation. For if the altirude prone greater,the thread wil tall 
on the 16 day of May and the 8 of July: or it ir proue leſſer, 
the thread wik fall on the 14 of May and the 10 ot Tuly; 
whereby che queſtion 15 tully anſwered, 


CHAP. VT: 
Of the Houre-lmes. 
5 x arke which is drawne vpon the center of the qua- 


drant by the beginning of declinarion,dorh here repre- 
ſent the cquater: thar arke which 15 drawne by 23 g7.30 ms. 
of declination, and 1s ncxr aboue the circle of moneths and 
dayes, r _ che tropiques: thoſe lines which arc be- 
eweene the equator andthe trop'ques, being vndimuided and 
numbredat the cquatcor by 6.7 8.9.10.11.12.at the crroptque 
by 1.2.3.4 .&c.do repreſent the houre-circles: that which 1s 
drawne from 12 in the cquator tothe middle of I unc,repre- 
{enteth the houre ot 12 at noone in the Summer; and tholc 
which arc drawn with it ro the right hand,arec for the houres 
of the day in the Summer, and the hourcs of the nighr in the 
Winter. That which is drawnefrom 121n the equator tothe 
middle of December, repreſcnteth the houre of 12 in the 
Wintcr;and choſe which are drawne with it to che lett hand, 
arc forthe houres ot che day in che Winter, and the houres 
of the night in the Sumner; and ot both cheſe,that which is 
drawne trom 11 to 1, {cruestor 11 in the forcnoone, and x 
in the atternoon. That which is drawne tro 10 to 2,terues tor 
10 in che forenoon,& 3 in the afrcrnoon:tor the Sun on the 
ſame day is abour the ſame height two hourcs betore noon, 
as rwo hourcs atter noone, The like rcaton holdcth tor the 
reſt ot the houres, 
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1 The day of the moncth, or the height at noone bing 
knowne, ts finde the place of the Swe 
in the Ecliptique. 


Th- thread being laid to the day of the moneth, or the 
heiyhrc at noone, (tor one gines the other by the tormer pro- 
polition)inarke where it crotTeth rhe houre of 2 2,and ler che 
bead tothat interle(tion;then moue the thread ti}l che bead. 
tall on the echprique,and vt thall tall on che place of the Sun. 

AS it che day ginen be the 15 of May, or the meridian al- 
titude59 gr.z0 m. lay the threa.j accordingly, and pur the 
bead to the 1:icrtecion of the thread wich the houre of x 2; 
thcn moue the thread nill che bead tall on the ecliptique, and 
1t ſhall chere ſhew the tourch ot I, che fourth of 7, the 26 of 
S,and the 26 of W; andwhich of thele 1s the place of che 
Sunne, nay appeare by the quarter of the yeare, or another 
daycs oblcruation, 


2 Thcplace of the Sun in the Ecliptiqne being knowne, 
to finde the day of the moneth,qyc. 


t ct che thread and beade be fhirit laid on the place of the 
Sunne 1m the Ecyprique, and then moned ro the line 
Ot 1-2, 

As 1tth- place of the Sane gen, be the tourch of 1, che 
bead bei 7 law to thes devreeand then moued ro Hh. houre 
0! 12, in ticSomner, the chread will tall on the x5 day of 
Miy,und they of buly; orrt it be moncd tweife houre of 12 
mm hm croilerchread viiliallon ches of lanuary aud the 
16 of Noucmbe!; which ot thete 1s che day of che inoneth re- 


guired, may appeare by che -quarterot che yearc. . 

In chis and che former propolitions, you UNC TWO Waves 
rorectiticche bead,by the place of the Sunne,and vy ric aay 
of the monerh; the better way 15 by che place of che Sunne, 
for in the other che Leap-ycare may breed ſome mall ditte- 
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There is yeta third way. For the Sea-men having a table 
for the declinawon on each day of the yeare,may ſet the bead 
thereto in the line of declination, 


3 The houre of the day being g: ven to find the altitude 
of the Sunne abene the horizon. 


The bead being ſer for the time by either of the three ways, 
letthe thread be moued from the houre of 12 roward the 
line of declination,ill the bead fall on the houre giuenz and 
the degrees which it cuts in the Quadrant,ſhall ſhew the alti- 
tude ot rhe Sunne ar thar time. 

As if the time giuen be the tenth of April,the Sunne be- 
ing then in the beginning ot S,the bead being reftified, you 
ſhall fnde che height at noone 5ogr.o w. at (1 in the mor- 
ning 48 gr. 12 #. atio butqzer.12m. at 9 but 36 gr. at 8 
bur _— at7 but 18gr.189, at6 burggr. at 5 it 
meeteth with the linc of declination, and hath no alrticuce at 
all,and theretore you may think it did rife much about thar 
houre. 

Then if you moue the thread again from the line of de. 
clination roward the houre of 12,you ſhal find that the Sun 
is 8gr.33 mn. below the horizon arq in che morning, & neare 
16gr.ar 3,and21g7.5195.at2, and 25 gr. 40m. ati, and 27 
gr.at midnight. 


4 The altitude of the Sunne being ginen, ts fade 
the howre of the day. 


The alticude being obſerued as before, let the bead be ſer 
for the time, then bring the thread to che alrirude, ſo the 
bead ſhall mew the houre of the day. 

As1t the 10 of April hauing ſet the bead for the time,you 
ſhall finde by the quacrant,the altitude to be 36 gr. the bead 
at the ſame time will fall vpon the hourc-line of 9 and 3: 
wherctorc the houre is 9 in the forenoone, or $ in the after» 


noone. Jt the altitude be neare 40 gre you ſhall fund the bead 
| at 
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at the ſame time to fall halfe way betrweene the hourc-line 
of g and 3, and the hourc-line of ro and a: wherefore it 
mult be ether halte an houre paſtg in che morning, or halte 
an houre paſt 2 in the afternoone;and which of theſe 15 the 
eruc tune of the day, may be ore knowne by a ſecond ob- 
ſeruacion : for it the Sunne riſe higher, it is the torcenoone; if 
it become lower, it 15the afternoone. 


5 The houre of the night being ginen,to find how much 
the Sunne is below the horizon. 


The Sunne is alwayes ſo much belowthe horizon at any 
houre of che niphe, as his oppoſite point 15 abouc the: hor1- 
zon at the like houre of the As chercforc the beade be- 
ng ſet, it the queſtion be made of any houre of the nighe 


m che Summer, then moue it to the like houre ot che day. 


in the Winter, if of any houre of the night in Winter, chen 
moue 1t ro the like houre of the day in Summer ; 10 the de- 
pros which che thread cutreth in the Quadrane ſhall ſheyy 
ow much the Sunne is below. the horizon ar that time, 

Asif it berequired ro know how much the Sunne is be- 
low che horizon che 10 of April at q of the clock in the mor- 
ning; the bead being ſer to his place according to the time 
in the Sumner houres, bring ic c0:4 of che clocke 1n the aft- 
ternoone in the Winter houres, and ſo ſhall you finde che 
thread co cur 8 gr.and abour 30m. in the quadrant z and ſo 
much is the Sunne below the liorizon ar that tunic, 


5 The depreſſion of the Sunne ſupps(ed,to giue the hore 
of the night with vs, or the houre of the d1y 
10 Our Antipodes. 


Here alſo becauſe the Sun is ſo much aboue the horizon 
at all houres of rhe day,1s his oppolice point is below the ho- 
rizon at che like houre of tKe might 3 therefore firtt fer the 
bead according tothe time, chen bring the thread to the de- 


gree of the Suns deprellion below the horizon, fo ſhall mw 
| bea 
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bead fall on the contrary houre-lines, and there ſhery the 
houre of the night in regard of vs, Fhich is tho like houre of 
the day to our Antipodes, 

As if the to of April the Sunne being then in the begin= 
ning of &, and by ſuppoſin 8 gr.30 m1. below the horizon 
in che Eaſt, jc bercquired co know what time of the nighe 
it is; firſt ſer che bead according to the day in the Summer 
houres, then bring the chreadto 8 gr. zo m.in the quadrant, 
ſo ſhall che bead fall among the Winter houres, on che line 
of 4 of the clocke in the afrernoone: wheretore to our Anti- 
pods it 154 of the clocke in their afternooucgand to ys it i: 


thenq of the clocke in the morning. 


7 The time of the yeare or the place of the Sunne 
being ginen,to find the beginning of day- 
breake,and end of tai-iight. 


This propoſicion differeth little from the former : for the 
day is ſaid to begin to breake, when y Sun cometh to be but 
2 $ gr.bclow our horizon in the Eaft, and wwi-light ro end 
when it is gotten 18 gy. below the horizon in the Welt: 
wherefore let the bead be ſer for the time, and then bring 
the threadto 18 gr.in the quadrant, ſo ſhall the bead tall on 
the contrary houre-lines, and there ſhew the houre of ewi- 
light as before. 

So if it be required to know at what time the day begins 
to breake on the tenth of April, che Sun being then in the 
beginning of x; firlt ſet the bead according to the time in 
the Summer houres, and then bring the thread co 18 gy. in 
rhe quadrant,fo ſhall the beadfall among the Winter houres 
a little more then a quarter betore 3 1n the morning ; and 
that is the time when the day begins to break vpon the tenth 


of April, 
CHAP. 
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CHAP. VII. 


Of the Horizon. 


He Horizon 1s here repreſented by the arke drawne, 
from the beginning of declination towards the cud of 
February, diuided vnequally,and numbrcd by 10.20, 30.40. 


1 Thedayof the moneth,or theplace of the Sunne be. 
ing knowne, to finde the amplitude of the 
Sunnes riſing and ſetting. | 


Let the bead reRified for the time, be brought ro the ho- 
rizon,aud there it ſhall ſhew the —_— required, 

As 1f the day giuen be the x5 of May,cthe Sunne being in 
che fourth degree of x,che bead rectified and broughr to the 
horizon,ſhall there fall on 35 gr.8 »».ſuch is the ampliruge of 
the Sunnes riſing from che Eaft, and of his ſetting from the 
Weſt; which amplitude is alwayes Norchward when the 
Sunne is in the Northerne Signes, and when he is in the 
Southward Signes alwayes Southard, 


2 The day of the. moxeth, or the place of the Sunne 
being ginen, to finde vhe aſcenſio- 
well difference. 


Let the beadreRified for cthetime, be brought to the ho. 
rizon, ſo the degreescur by che thread in the quadranc,ſhall 
ſhew the difference of aſcenſions, . 

As if the day giuen be the 15 of May,the Sunne being in 
the fourth degree of I, letthe bead bereQified and brought 
to the horizon; ſo ſhall the thread in the quadrant ſhew the 
aſcenſionall difference to be 28 gr.and about 50 wv, 

Vpon the aſcenſionall difference depends this Corollarie, 


dd To 


- 
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21 To findthe houre of the night by the ſtarres, 


To find the houre of the riſing and ſetting of the Sun, 
and thereby the lenzth of the day and night. 


The time of che Sunnesrifing may be guellcd ar by che 
$ of the laſt Cap, but here by . he aſcenſjonall diffcrence ir 
may be berter teund,and that to a minute of time. For if the 
alcenljonall difference be conuerted into time, allowing an 
houre for 15 gr. andq minutes of an houre for each depree, 
it ſheweth how long the Sunne riſeth before [ix of the clock 
in the Summer, __ afrer (1x in the Winter. 

As if the day giuen be che 15 of May,the Sunne being in 
the fourth of IT, and his aſcenlionall difterence tound as be= 
forc i 50 w; this conuerted into time, maketh 1 ho, and 
ſomewhat more then 55 #..ot an houre : whcrefore the Sun 
at that eime,in regard it was Summer,roſe 1 ho.andfull 55 m. 
before 6 of the clockezand ſo hauing the quantitie of the ſe- 
midiurnall arke, the length of the day and night need not 
be vnknowne, 


CHAP. VIII. 


Of the fine Starres. 


Might haue put in more Scarres, bur theſe may ſuſhee for 
] the finding of the houre of chenighe art. all times of che 
yeare: and firſt I make choice! of Ale Pegaſs, a fturre in the 
extremitic of the weng of Pegaſw,in re A. It wangs bur 6 mi- 
nutes of time of the beginning of Y' Gor becauſe 1c 15 but of 
the ſecond magnirude, and nor alwayes to be ſeene, I made 
choice of toure more, one for 0 Api of the Eclip- 
tique,as of Ocwulws's the Buls eyc,whoſe right aſcenſion con- 
uerted intotime,1s 4 9.15 mw;then of Cork che Lions heare, 
whoſe right aſcenſion is 9 be.48 m; next of Arfnurw,whoſe 
right aſcenſion 1513 H.58m; and laſtly of ,Fqwila, or the 
Vulrures heart, whoſe right aſcenſion is 19 H.33 w. Theſe 
fue ſtarres hauc all ofrhem Northern declination; and if any 
others, ſoine of chele will be ſcene at all times of the Pw. 
| The 
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The vſc ot chem is, 


Th altitude of any of theſe fiue Starres being knowne, 
| 10 find the haure of the night. 


Firlt put che beade 9 the ſftarre which you intend co ob= 
ſcrue, take his altitude , and finde how many houres he 1s 
from the meridian by the fourth Prep.of the (ixr Chap; then 
out of the righr a{cenlion of the ſtarre, take the right aſcen» 
lion of the Sun connerted into houres, and marke the ditffe- 
rence tor this difference being added to the obſcrued houre 


'of the (tarre from the meridian, ſhall ſew how many houres 


che Sunn- 15g one trom the meridian, whuch is in cffe& the 
houre uf che night, 

As it che 15 ot May, the $unne being in the fourth of 7, I 
ſhould (-r rhe beade ro eArttarme, and ob{cruing hisaltitude 
ſhould find him to be in the Wett about 52 gr. high, and che 
beade to tall on the hourc-line of 2 atrernoone, the houre 
would be 11 ho.5o m.palt noone,or 19m. ſhort of midnight, 

For62 gr.thc right aſcenſion of rhe Sunne,conucrted in- 
rotime, makes 4 ho.8 mm. which if we rake out of 13 ho.g8 m. 
theriglic aſcenlion of Arftwrrr, the difference will be 9 ho. 
5om. and this being added to 2 ho. the obſerued diltance of 
eA Avru from the meridian, thewes the houre of the night 
to ber bo.5o wn. Another example wil makeall more plane, 

If the 9 of IKy the Sunne being then in 26 gy.ot 5, [I 
ſh uld ſec the bdalc ro Ocn/m, and obſcruing |, $ a/cirude 
/ſ;;ould find him to De in the Ealt about 12 gr.b129h, aud che 
bead to fall on the houre-line of 6 beiore wwonc, which is 
18 ho.paſt the meridian, the huure ot the nighe would be 
better then a quarter palt 2 ot theclocke in rhe morning, 

For 118 gr.che tight aſcenlion of the Sun,conurrred into 
time,makes 7 ho.5 2 mz this raken out of 440.15 m. the rhe 
aſcenſion of Oculm ©, adding a whole circlr, (tor orterie 
there could be no ſubltrattion) the difference vol br 20 he. 
23 m, and this being add«<dto 18 he.which was the oof. rued 
diſtance of Ocwul&s S irom the meridian, hc wes that tie Sun 
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(abating 24 ho.for the whole circlc)is 14 gr.23w.paſt the me- 
ridian,and therefore 2 3 w.paſt 2 of the clock inthe morning. 


CHAP. IX. 
Of the Azimuth lines. 


S þ Hoſe lines which are drawne betweene the equator and 
the tropiques,on that (ide of the quadrant which is nea- 
reſt ynto the "#4 and are numbred by 10.20.30.&c, doc 
repreſent the azimmrths,the vttermoſt co the left hand repre- 
fenterh the meridian , that which is numbred with 10 the 
tenth azimuch from themeridian, and that which is num- 
bred with 2o the twentith, and ſo the reſt, Thoſe lines 
whichare drawne from the equator to the lett hand, doc 
ſhew the azimuth in the Summer ;- and choſe other to the 
right hand,do ſhew:the ſame in the Winter. The vſc of them: 
15, 


1 The ezimuth whereon the Sunne beartth from wvs 
berng knowne, to find the altitude of the Sun 
abou the horizon. 


Firſt let the bead be ſet for the time,as in the former Chap- 
ter, then mouethe thread vnrtill che bead fall on the azi- 
Mmuthy ſo the d:grees which the thread cuggech in the qua- 
drant,ſhall ſhew the alcicnde of the Sun arg time, Where 
you are to obſeruc, that ſeeing che azimvths ate drawne on 
che right fide of che quadrant, you arc alſo to begin co num- 
ber the degrees of the Sunnes alcictude from the right hand 
toward the left. As if the ſights had been ſer on the line A B, 
and you had turned yourright hand cowards che Sunne in 
obſeruing of his alcicude, contrary to our practiſe in the for- 
mer Chapter. 

| Asif the cime giuen were the 2 of Auguſt, when the Sun 
hath about 15 egr.of North declination, you may let the bead 
for che cime, ſo you ſhall find the height at noone when the 
Sunne 
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Sunne 1$in the Souti, ro be 53.97.35 96 when he is 19-er, 
from the South g3 gr. z9 m.when 29 gr.then abour 5 2.27.8 w; 
when 30gr. then 5ogr.20 mw, when.qogr. then 47 87.43 m. 
when 5ogr.thenq44 gr.r12m, wicn bagy, then 39 gr. 35 ms. | 
when 70 gr.then 33 gr.50 w. wacen $3 ge.chen 27 gr. when . F, 
be is in the Eaſt or Welt ge gr.from the meridian,then is the 

hcight neare 19 gr.20 wy when he cones to be 100 gr. then 

11 gr.15/9. When 110 gr.then 4} £r.20 wv;and before he com- 

meth to the azimurh of 120 gr. he hach no altitude. For the 

Sunnc hauing 15 gr.of North declinacion,will riſe and ſer ac ; 

» 114 $7.34 m.trom the meridian. 


2+ The altitude of the Suns: being given, ts find 
on what azimuth he bearath from v3. 


Let the beade be ſer forthe time, and the altitude obſer- 
ued as before; then bring the thread co the complement ot 
that alcicude,ſo the bead (hall ſhew the azimuth required. 

As if the ſecond of Auguſt, hauing ſet the beade for the 
time, you ſhall find the attitude of the Stin to be 19 gr.20 w, 
remoue the thread vnto p50 gr.qo m. the complement of the 
altitnde z or, which is all one, to 19 gy.20 wv. from the right 
hand toward the lefr,and the bead will fall on the linc of 90 

_ gr. from the meridian. And therefore the point whereon the 
Sunne beareth from vs,is one of theſe two, cither due Eaſt 
or due Weſt . And which of theſe isthe «true point of the 
compaiſe, may be ſoone knowne by a ſecond. obſervation: 
for if the Sun riſe higher, it is the forenoone; if it be lower, 
it is the afternoons. 

By knowing the azunuth or point of the compatFe whereon 
the Sunne bearcth from vs, it 15 cafre to finde,! 
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As if the ſecond of Auguſt in the afternoone,] ſhould find 
by the heighe of the Sunne that he beares from me 60 gr. 
from the meridian coward the Weſt; then there being go gr. 
belonging to each quarcer, the Weſt will be 3o gy. to % 
right hand, the Eaſt is oppoſite co the Weſt , the North and 
South lic equally berweene them. 


,GHAP. X. 
Of the Quadrat. 


He Quadrat hath two ſides divided, the other two fides 
next the Center may be ſuppoſed ro be dinided, cach 
of them into x00 equal parts: of the (jdes diuided, chat which 
is next the horizontall line containes the parts of righre ſha- 
dow,the other next che lights,the parts ot contrary thadow. 


The vſc of the Quadjar is, 


I Awypoint being giuen, to finde whether it be 
leuell with the eye. 


Lift vp the center pf the quadrant, ſo as the thread with 
the plummet may play eafily by che lide of it ;/ chen looke 
through che ſights co the place giuen:; for now if the thread 
Mallfall on A B che horizoncall hlne,then is che place giuen 
leucl with che eye: bur if it ſhal fal within the ſaid line on any 
ofthe dwiſions,then it is higherz if without, then ic 1s lower 
then che leuell of che eyc, 


2 To find an height choue the leu'll of the eye, or 
4 diſ{ ance at one obſergation. 


Looke through the ſights to the place , going nearer or 
farther from it,r1ll the thread tall on 160 parts in the quadrart 
or 45 gr.in the quadrant, ſo ſhall the height of the place a- 
bouc the leuellot the eye,be cquall to the diſtance berween 
the place and the cyce: ' | 

I che thread fall on 56 parts of a right ſhadow, the height 

Is 
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1s but halfe the diſtance: if it fall on 25, it is4 quarter of the 
diſtance:if on 75, 1s three quarters of the diſtance. For as oft 
23 the chreadfallerh on the parts of right ſhadow, 


As 100 to the parts on which the thread falleth: 
So is the diſtance co che height requixed, 

And on the contrary, | 
As the yu_ cut by the thread are to x00: 

|  Sotheheight vnto the diſtance, 

.Butwhen the thread ſhall fall on the parts of contrary ſha- 
dow: gf jt tall on 50 pazts, the herghe 1s double vnto the di- 
ſtance; if on 25 it is foure runes as the diſtance. For as oft as 
chethread tallech on the parts of contrary ſhadow, 

Asthe parts cut by the thread are vnto 1c0: 
., Soisthe diſtance varo the heighr., 
And on the contrary, 
As 100 are vnto the parts cut by the thread: 
So is theheighr vnto the diſtance. 
And what is here ſajd of the height and diſtanceythe ſame 
may be vnderſtood of thc height and ſhado W. EIS 


3 Tofind aheight or a diſfance at two obſeraations. 


As if the place which isto be meaſured might nor other- 
wiic 
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wiſe be ed,& yet it were required co find the height 
B C,and the diftance firſt if [ make choice of a ſtation ac L, 
where the thread may fall on 200 parts in the quadrat, and 
. $5 g7-in thie quadrane, che diſtance A I will-be cquall tothe 
| peiuhe BC, then if I go farcher in adire& line with the 
former diftance , and make choice of a ſecond ſtation at D, 
erethe thread may fall on 5 parts ofright ſhadow, the 
diſtance BD woald be double to cheheight PC: wherefore 
I may meaſtre the difference berweene the two ſtations «LC 
and D,and this difference A _—_— be equall both co the di- 
Rance AB andchekcighe B | 

Or if I cadnoc make choice of ſuch ſtations, I take ſuch as 
I may, one at D,where the thread fallerh at go parts of righe 
ſhadow;the ſecondar E,where irfalleth on qo parts:and ſup- 
poſing the height B C co be 200, I find chat 


As 5a partsarevnto Loa,the ide of the quadrar: 
Se roo the ſuppaſed height, ynco 200 the diſtance 2D, 
Andas qe pirts,at the ſecond tation, viito reo: 
$0 200 the ſuppoleq height, vato 250 the diſtance BE, 


Wherfore the difference between the ſtations D & E ſhould 
ſeemeto be go; andrhen if in meaſuring of ic, I ſhould find it 
- co beeicher moro ox to{le, the proportion' wilthold;: asfrom 
che ſuppoſed differencero the mealured difference, ſo from 
yy height, and from diftanceto diſtance. IS 
$ ifche difference between the two ſtations D and F be- 
ing mcaſured, were found to be 30. 


As 50 the ſuppoſed differcnce, vnto $0 the rue difference: 
So 100 the ſuppoſed height, vnco 60 the crue height. 

And co the ſuppoſed diſtance, vato 120 the true diſtice: 
And 250 at the ſecond ftatjon;ynto #50 the diſtance B F, 


Thelike reaſon holderh in all other examples of this kind: 
and if an Index wi es were fieted ro turne vpon the 
ue by the ſame rcaſon for the find- 


Center, ic might the 
ing of all other diſtances. 
FINIS. 
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